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Corridor Confirmation 


Although “corridors” connecting patches of habitat are proposed to 
be beneficial in terms of preserving biodiversity, this theory has 
never been tested experimentally at large scales. Using replicated 
experimental 50-hectare landscapes consisting of open patches in 
longleaf pine forest connected by similarly open corridors, 
Damschen et al. show that corridors increase the species 
richness of herbaceous plants. These findings confirm the validity 
of corridors as a tool for conservation and landscape managers. 


CREDITS (TOP TO BOTTOM): ELLEN DAMSCHEN AND THE U.S. FOREST SERVICE; SATO ET AL. 


Steering Retinal 


Because of the wave-particle duality inherent in 
quantum mechanics, different states along the 
pathway of a molecular rearrangement can inter- 
fere with each other like vibrations on a string. 
The phases and amplitudes of spectral compo- 
nents in light pulses that initiate photochemical 
reactions can now be created that can steer small 
molecules along distinct reaction trajectories by 
inducing constructive or destructive wave inter- 
ference among states. Prokhorenko et al. 

[(p. 1257;]see the Perspective by Chergui) show 
that this approach can modulate the efficiency of 
retinal isomerization in the protein bacteri- 
orhodopsin (a rearrangement closely related to 
the vision response) by as much as 20% in either 
direction. The extent of modulation is remarkable 
in light of the many degrees of freedom in the 
protein environment that might be expected to 
randomize the wave phases. 


P> Gently Generated 

Although elemental nitrogen and oxygen are most 
stable as diatomic molecules, their heavier con- 
geners, such as phosphorus and sulfur, are inhib- 
ited from multiple bonding by core electron repul- 
sion, and so tend to exist as polyatomic clusters 
instead. Piro et al.|(p. 1276)]have prepared a nio- 
bium precursor that releases P, at 65°C, and 
thereby facilitates exploration of the solution-phase 
chemistry of this unusual molecule, which is other- 
wise only accessible through decomposition of the 
P,, cluster above 1000°C. The authors show that P., 
can be trapped by successive Diels-Alder coupling 
to two cyclohexadiene molecules, which is consis- 
tent with the presence of a reactive triple bond. 


Snapshots of Working 
Catalysts 


Vanadium phosphates (VPOs) are used industrially 
to catalyze the partial oxidation of n-butane to 
maleic anhydride, which is then used as a starting 
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material for products such as resins and lubricants. 
However, the reaction proceeds at elevated tem- 
peratures (in excess of 400°C), and VPO phases 
stable under those conditions will transform to 
other phases at ambient conditions, so an under- 
standing of this catalyst demands that it be studied 
near its working conditions. Conte et all (p. 1270) 
have used powder x-ray diffraction, as well as laser 
Raman spectroscopy and electron paramagnetic 
resonance spectroscopy, to determine the transfor- 
mation of VPO phases as a function of temperature 
and with various reactants and products present 
over the catalyst. They conclude that the presence 
of the reactants rapidly converts «-VOPO, to 
8-VOPO,, but that the initial formation of the w 
phase may create the V>* sites associated with 
increased catalytic activity. 


Tiny Fluorous Flasks 
Fluorocarbons have been increasingly applied as 
media for chemical reactions and separations 
because their solubilizing properties are 
distinct from those of both water 
and traditional organic sol- 

vents. Sato et al.[(p. 1273]see © 
the Perspective by Gladysz) 
have created a nanometer- 
scale fluorous environment 
within a polar organic solvent. 
Arrow-shaped ligands with per- 4) 
fluoroalkyl tails self-assemble 
with palladium ions in 
dimethyl sulfoxide to form a shell in 
which the fluorinated chains are directed 

inward toward the center. By varying the lengths of 
these chains, the shell size could be tuned to 
encapsulate a liquid-like, disordered phase of ~2 
to ~6 perfluorooctane molecules, which were char- 
acterized spectroscopically and crystallographically. 


Round the Bend 


The Hawaiian Islands chain of volcanoes sits 
within a long line of seamounts stretching 6000 
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km across the Pacific. The Hawaiian volcanoes 
had been considered to be produced by the rel- 
ative motion of the Pacific plate over a south- 
ward drifting locus of melting in the mantle. 
About 3500 kilometers west of Kilauea, there is 
a sharp bend in the chain. Sharp and Clague 
see the Perspective by Stock) inferred 
a time line for the formation of the Hawaiian- 
Emperor seamount chain by measuring 
40arAr ages for eight volcanoes. They give an 
average age for the bend of about 50 + 1 Ma, 
older than previous estimates. The ages, 
increasing to the north, imply that rates of 
migration have varied considerably. These 
results imply the plate motion must have 
changed at this time, which coincides with the 
development of subduction zones around the 
Pacific plate boundary. 


Direct Delivery 


The life cycle of the malaria parasite in its mam- 
malian host begins with a liver-specific stage, in 
which sporozoites delivered by the mos- 
quito invade hepatocytes, where they 
develop into merozoites that invade 
red blood cells. Merozoites must enter 
the bloodstream, although precisely 
how they move from hepatocyte to the 
lumen of the liver sinusoid has 
remained a matter of speculation. In 
a study of a rodent form of the para- 
site, Sturm et al. see the 
Perspective by Cowman and Kappe) reveal 
that as the merozoites induce death of the hepa- 
tocyte, they simultaneously hold in check the 
normal cues that would signal phagocytosis of 
the dying cell. This alteration allows membrane- 
bound extensions of the infected cells, which 
the authors term merosomes, to bud off and 
shuttle the merozoites directly into the blood- 
stream. Thus, the parasites modify the host 
response to dying infected cells to ensure better 
survival and replication. 
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A Tale of Two Spirals 


A facile route to crystal growth is for atoms to attach to a surface at a screw dislocation. Hannon et al. 
see the Perspective by Voorhees) studied atomic growth of two silicon surfaces, the (111) 
and (001) faces, at 1100°C with low-energy electron microscopy. On the (111) surface, growth pro- 
ceeded smoothly with a spiral pattern, in accord with the classic model. However, on the (001) sur- 
face, growth occurred along a spiral with an S-shaped undulating profile, and the step edges rotated 
with an almost ratchet-like motion. The origin of this difference is attributed to the nonuniform strain 
field created by the two possible surface terminations of the (001) surface, and the growth profiles 
were analyzed in detail with a continuum step model. 


Out of the Shadows 


Phytophthora species are odmycetes and belong to the 
kingdom Stramenopila, which is evolutionarily distant 
from plants, animals, and fungi. Importantly, nonphoto- 
synthetic stramenopiles, including the odmycetes, are 
believed to have lost their plastids at some point in 
evolution. The two Phytophthora genome sequences 
presented by Tyler et al. provide compelling 
evidence that their ancestor indeed harbored a photo- 
synthetic endosymbiont. The genomes also show a 
striking diversification of infection-associated genes, 
which consists of about 350 genes in each genome and 
reflects intense coevolutionary processes occurring 
between these parasitic species and their hosts. 


Genetic Measures of Human 
Evolutionary Proximity 


Gene sequences that show a pronounced human lineage-specific increase in copy number and that 
also encode multiple copies of a domain of unknown function (DUF1220) have been identified by 
Popesco et al. (p. 1304). These domains show significant hyperamplification in the human lineage 
and generally increase in copy number as a function of a primate species’ evolutionary proximity to 
humans. Antibody studies indicated that DUF1220 sequences are abundantly expressed in struc- 
tures of the neocortex and in particular subsets of neurons. These sequences might be important to 
cognitive pathways and synaptic function. 


An Ounce of Prevention 


Members of groups subject to stereotyping are more likely to behave in a fashion that conforms to the 
stereotype when the stereotype is made salient; for instance, women score lower than men on tests 
when the tests are identified as math as opposed to problem-solving. Cohen et al. see the 
Perspective by Wilson) report the results of two field studies in which a brief, value-affirmation inter- 
vention at the beginning of the school year appeared to buffer the effects of a stereotype threat on 
7th-grade African Americans such that they maintained their achievement levels (as did European 
American students) throughout the remainder of the school year, in comparison to African American 
students in the control condition. 


Brain Regions and Social Organization 


There is general agreement that humans can represent the mental states of others (theory of mind), and 
the current consensus appears to be that we are unique in this respect. Nevertheless, other ani- 
mals have been shown to possess some aspects of social intellect, but precisely who knows what is 
unclear. Rudebeck et al.[(p. 1310) have carried out a lesion study in monkeys to examine the dif- 
ferential contributions of two neighboring cortical areas, the anterior cingulate and the 
orbitofrontal region. They find that the gyrus of the anterior cingulate is needed in order to orient 
toward a specifically social stimulus, such as the face of another monkey, in contrast to other 
potent stimuli, such as a moving snake, which are processing in the orbitofrontal cortex. 
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Boosting S&T Innovation in Japan 


JAPAN'S ECONOMY IS FINALLY EMERGING FROM A LOST DECADE. ECONOMIC DATA CONTINUE 
to suggest that the recovery this time around is real. But before celebrating, Japan’s policy-makers 
must recognize that the key to Japan’s future lies in science and technology (S&T) and do some 
serious rethinking of our economic strategy. 

Fortunately, the importance of S&T has not escaped the attention of policy-makers in Japan. 
Even during the stagnated economic growth of the 1990s, and despite severe general government 
spending cuts, the rate of government investment in S&T has consistently increased. But because 
the need to raise productivity is paramount, we will require more major breakthroughs in S&T than 
we have accomplished at any other time in our history. How will we achieve that? The Third Basic 
Science and Technology Plan, approved by the Cabinet this past March, lays out government 
policy guidelines for the next 5 years and projects a total budget of some 25 trillion yen for S&T 
investment during that time. This is a clear indication that 
Japan is committed to pursuing future excellence in S&T. 
As the minister presiding over that decision, I think this course 
is the correct one for Japan and for our future generations. 

So everything is peachy, right? Well, not quite. It is true 
that Japan’s persistent investment efforts have begun to bear 
fruit. The recent economic recovery has been supported by 
such science-based innovations as electrically conductive 
plastic, now widely used in high-tech equipment such as 
mobile phones. But there are challenges that Japan faces, 
including the country’s declining birth rate and aging 
population, and we will require much more of this kind of 
success. The key word is innovation. In both private and 
public sectors, we should ask ourselves whether Japan’s 
traditional self-contained approach, endemic in many 
research institutions, has tended to suppress the flourishing of new ideas. Improving the 
mobility of researchers will create many more opportunities for them to explore new ideas and 
projects. In the private sector, venture businesses must be encouraged. 

It is often asserted that innovation is hard to achieve unless it is supported by strong basic 
science. More and more, universities play a central role as the primary source of innovation. 
Many of the universities in Japan are national and have recently been made into corporate 
entities. But reforming higher education is still a work in progress. One major challenge is to 
eliminate such rigidities as seniority-based pay for researchers. To accelerate this change, the 
Third Basic Plan intends to create 30 world-class research centers and actively attract the best 
researchers from all over the world. The centers will have budgetary priority and a merit system 
with attractive pay packages. And a targeted reform of immigration control will facilitate the 
entry of foreign researchers into Japan and will also support them. 

We also need structural reform in government processes. To clarify investment priorities 
and policy goals, we have worked hard to identify targets in each of eight S&T areas for the next 
5 years. Under this framework, the Council for Science and Technology Policy (CSTP), chaired 
by the prime minister, should strengthen the coordination of various ministries toward policy 
goals. In addition to setting priorities for S&T resource allocation, the CSTP will address the 
need for regulatory and institutional reform. For example, current regulations regarding clinical 
research should be thoroughly reviewed and reformed, so that research can be carried out more 
transparently, with measures to protect participants in clinical tests. Another example is the 
reform of government procurement to expand new technology products and services. 

If this new innovation-friendly strategy is successful, I am certain that the international 
scientific community will witness the beginning of a new growth era for Japan in the 21st century. 
My concluding message to that community is both enthusiastic and direct: “Researchers of 
the world, come to Japan to work with us. We will wholeheartedly welcome you!” 

— Iwao Matsuda 


Iwao Matsuda is the 
Minister of State for 
Science and Technology 
Policy of Japan. 
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Trying to 
stay warm. 


behavior that compensates for the ancient loss of UCP1 and brown adipose tissue. — GR 


MICROBIOLOGY 
Pleiotropic Tensegrity 


Systems biology has popularized the view of 
metabolic and regulatory pathways as networks, 
and experimental and bioinformatics studies of 
protein-protein interactions have codified these 
networks as centralized hubs and radiating 
spokes. One somewhat deceptive implication 
inherent in these representations is the static 
character of these linkages. 

Knight et al. provide a comprehensive pro- 
teomic analysis of Pseudomonas fluorescens 
SBW25, where spontaneous adaptive mutations 
in the wspF gene result in the ability to grow at 
the air/liquid interface (as opposed to within 
broth). Although the genetic difference 
between the parental SM (smooth mor- 
phology) and evolved LSWS (Large Spread- 
ing Wrinkly Spreader) strains corresponds 
to the replacement of a serine with an 
arginine in a single component of the Wsp 
chemotaxis pathway, there are significant 
differences in the amounts of 46 proteins 
(identified by mass spectrometry and 
recourse to the draft genome), primarily 
with functions in amino acid uptake and 
catabolism. Mapping the variation in the 
amounts of these proteins across independent 
replicate cultures revealed that the LSWS strain, 
in comparison to the original SM strain, exhibits 
a distinct network of covariation. These distrib- 
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Pigs in Blankets 
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Human infants, like other newborn animals and hibernating rodents, 
are endowed with a built-in central heating system: Mitochondrial proton 
gradients are uncoupled from ATP production in brown adipose tissue, so chem- 
ical energy is converted directly into heat, which protects against the vicissitudes 
of an uncertain environment. Uncoupling protein 1 (UCP1), which is present only in 


brown adipose tissue, is critical for thermogenesis. Piglets, though, are unusual in this 
regard, as they lack this kind of fat and rely instead on shivering as a way to stay warm. 

Berg et al. looked for and, surprisingly, found UCP1 sequences in preliminary pig 
genome data. But closer examination revealed that the gene is peppered with small 
errors and is missing exons 3 to 5, a deletion that they also found in other species of pig, 
wild boar, and hog, and that almost certainly renders the gene useless. The pig UCP1 
sequences have randomly drifted away from those of other closely related animals, fur- 
ther evidence that the gene is nonfunctional and that this drift has been going on for 
some 20 million years, implying that the gene has been out of commission for the same 
period. Many pig species hail from relatively balmy environments, where such a heat-generating system would not have been 
needed for survival. Not so for the wild boar, which thrives in colder climes, partly because of the evolution of a nest-building 


uted, yet coordinated, changes in protein levels 
suggest that understanding network dynamics 
will be key to explaining pleiotropy. — GJC 

Nat. Genet. 38, 10.1038/ng1867 (2006). 


GEOPHYSICS 
The Big Dig 


By analyzing aerial photographs of the M, 7.6 
Kashmir earthquake that struck northern Pakistan 
on 8 October 2005, Avouac et al. show that, 
unusually for this area, the rupture broke through 
to the surface. Displacements are evident in ASTER 
images of the region taken just weeks after the 
event when these are compared to images of the 
same area from 5 years earlier. The surface rupture 
was confined to a strip a 
few hundred meters 
wide. Horizontal slip 
along the fault meas- 
ured ~4 m on average, 
but offsets as large as 
7 m were seen north of 
Muzaffarabad. Because 
the earthquake was 
shallow and compact, 
it caused intense but 
localized destruction. This pronounced movement 
along the fault suggests that adjacent regions may 
be soon be prone to large earthquakes. — JB 
Earth Planet. Sci. Lett. 10.1016/j.epsl.2006.06.025 
(2006). 


PLoS Genet. 2, e129 (2006). 


MICROBIOLOGY 
More A’s than B's 


In contrast to eukaryotes and bacteria, archaea 
have only recently become the objects of study, 
and then primarily as hardy denizens of 
extreme environments, such as hot springs or 
acid mines. However, as analytical techniques 
for detecting trace amounts of archaeal compo- 
nents in unpurified samples have been refined 
and more widely applied, evidence has been 
accumulating that these species are likely to 
participate in biogeochemical cycles that affect 
all spheres of life. 

Wuchter et al. and Leininger et al. have 
looked at the archaea-based oxidation of 
ammonia in North Sea waters and in northern 
European soil, respectively. They have meas- 
ured the amounts of the gene encoding ammo- 
nia monooxygenase, the first enzyme in the 
nitrification pathway, and correlated these data 
with the presence of Crenarchaeota-specific 
lipids. Quantitation of ammonia monooxyge- 
nase genes in the upper 1000 m of the North 
Atlantic and across pristine and fertilized soils 
revealed that the archaeal version was gener- 
ally several orders of magnitude more abun- 
dant than the bacterial enzyme. Incubation of 
the marine sample and estimates of the rates of 
Crenarchaea growth and production of nitrite 
yielded an oxidation flux of about 3 fmol of 
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NH, per cell per day, which could be extrapo- 
lated to a global inorganic carbon fixation rate 
of 4 x 10%? mol of C per year. — GJC 
Proc. Natl. Acad. Sci. U.S.A. 103, 12317 (2006); 
Nat. 442, 806 (2006). 


MATERIALS SCIENCE 
Mining for Crystals 


Predicting the crystal structure of an alloy is 
challenging, because even small changes in 
composition can lead to large changes in the 
way the atoms prefer to coordinate. Fischer et 
al. have developed a technique that mines the 
existing crystal database to determine top can- 
didate structures, which are then evaluated 
using quantum mechanical calculations. The 
model determines correlations for structural 
motifs that jointly appear in a single alloy sys- 
tem at different compositions, and thereby 
assigns probabilities to candidate structures, 
given those already known in the system. In 
one test, the authors considered the Ag-Mg 
alloy with 75% Mg content, for which the exact 
crystal structure is undetermined. The top can- 
didate highlighted by their model was the 

Cu, ,,P structure, an uncommon motif that 
nonetheless was computed to have the lowest 
ground-state energy. 

They also tested the model by selectively 
removing specific compositions from the data- 
base to see if the remaining data could be suc- 
cessfully used to predict the correct structures; 
this approach succeeded 90% of the time in 
placing the true missing structure among the 
top five candidates. — MSL 

Nat. Mater. 5, 641 (2006). 
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CHEMISTRY 
Microscale Origami 


Recent advances in lithography and other sur- 
face-patterning techniques have fostered con- 
struction of a wide range of microfluidic devices 
that offer precise control over chemical and bio- 
chemical reactions and separations at or below 
microliter volume scales. However, one limitation 
of this fabrication technology is its inherent 
restriction to two-dimensional device geometries. 

Leong et al. overcome this limitation by pat- 
terning flat wafers with solder deposited along 
hinge lines. When heat is applied to melt the sol- 
der, the wafers fold spontaneously along the 
hinges to form cubic or pyramidal boxes, with vol- 
umes ranging from 
~0.2 to 8 nl. The 
authors use photoli- 
thography to imprint 
distinct pore arrange- 
ments into the surfaces 
set to become the box 
faces. As a result, they 
can inject chemical 
reagents embedded in 
polymeric gels and con- 
trol the rate and orien- 
tation of their release. 
The fabrication process 
is high-yielding, and 
when nickel is used as 
the substrate, the corre- 
sponding box can be manipulated with an exter- 
nal magnet to release its chemical cargo in a spa- 
tially selective manner. — JSY 

J. Am. Chem. Soc. 128, 10.1021/ja063100z (2006). 


Nanoliter boxes. 


<< Waking Stem Cells 


Hematopoietic stem cells (HSCs) reside in bone marrow in a nondivid- 


A\ AAAS ing state from which they can be roused to enter the cell cycle. Not- 
ing the similarity of HSC dormancy to mammalian hibernation and 


Caenorhabditis elegans dauer formation, Yamazaki et al. looked at 
the PI3K (phosphatidylinositol 3-kinase)—Akt-FOXO signaling path- 


way. In quiescent cells freshly isolated from mouse bone marrow, no phosphorylated (activated) 
Akt was apparent and its downstream target FOXO3a was found in the nucleus; in contrast, 
phosphorylated Akt and FOXO3a were found in the cytoplasm of cycling progenitor cells. 
Cytokine treatment of quiescent cells led to polarization of the lipid raft marker GM1 ganglio- 
side as well as phosphorylation of Akt and relocation of FOXO3a to the cytoplasm. Depleting 
cholesterol with B-cyclodextrin (MBCD) in order to inhibit lipid raft clustering suppressed Akt 
activation and FOXO3a relocation. When single HSCs that had survived without dividing for 
several days in the presence of MBCD, stem cell factor, and thrombopoietin were placed in 
MBCD-free medium, they proliferated and differentiated along various myeloid lineages in 
vitro and could repopulate the hematopoietic system of lethally irradiated mice. Thus, lipid raft 
clustering may mediate HSC emergence from dormancy via signaling pathways resembling 


those involved in the dauer stage. — EMA 
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All our science, measured 
against reality, is primitive 
and childlike-and yet It is 
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we have. 


Albert Einstein 
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Dragons of the Ancient Sea 


Dinosaurs weren't the only charismatic reptiles alive during the Mesozoic Era from 

245 million years ago to 65 million years ago. Plying the oceans were plesiosaurs such as 
the snake-necked Elasmosaurus (left), which could reach 14 meters in length. Get a close 
look at these aquatic creatures at the growing Plesiosaur Directory. The not-so-invisible 
hand behind the site is grad student Adam Smith of University College Dublin in Ireland. 
A taxonomic listing describes more than a dozen plesiosaur genera and includes images, 
details of fossil discoveries, and distribution information. Pages on the creatures’ biology 
delve into their anatomy and dining habits and offer animations depicting how their 
flattened limbs might have moved during swimming. The directory also showcases some 
plesiosaur appearances on TV and in films, none of which was Oscar-worthy. >> 
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COMMUNITY SITE 


Recipe Swap 


A few tips from a veteran cook can ensure that your first soufflé comes out fluffy instead 
of leaden. The same principle motivates the SyntheticPages, hosted by the University of 
Warwick in the U.K. Midway between a journal and a user-written wiki, the site allows 
researchers to share not just the procedure for making a compound, but also pointers and 
common problems. So far, contributors have submitted 220 protocols for synthesizing 
everything from quinoline to substituted flavones. In contrast to wiki-style sites, editors 
vet the procedures before they're posted. The site’s goal isn't to replace traditional 
publications but to allow researchers to pass on their experience with a reaction. 

Visitors can also have their say, adding clarifications and refinements. >> 


www.syntheticpages.org 
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Harrison of the University of Toronto in 

Canada. Harrison's 87 creations will help introductory students follow the 
dynamics of a projectile, for example, or understand the time-dilation effect 
predicted by Einstein's special theory of relativity. Above, the double-slit the new Smithsonian Photography Initiative 
experiment illustrating the wave-particle nature of electrons. >> Web site. Visitors can flip through about 


www.upscale.utoronto.ca/Generalinterest/Harrison/Flash 1800 photos, some of which date back to the 


1840s. The subjects of the nearly 600 entries 
on science and nature range from a water- 


almost since the medium was invented. 
Now you can check out highlights from the 
museum's more than 13 million images at 
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Bypass the Bookstore in Glacier Bay, Alaska. Some of the images 
are historically important. The snowflake shot, 

The Textbook Revolution offers college students something almost as welcome as cheap for instance, is part of a collection from Wilson 

beer: free textbooks. The site from undergrad Jason Turgeon of Boston University links Bentley (1865-1931), a Vermont farmer 

to a library's worth of texts and other educational materials that users can read online and self-tutored scientist who was the first to 

or download as PDFs. If you're looking for an advanced treatise on electromagnetic photograph an individual snowflake. >> 

field theory or an introduction to physical geography, you'll find them among the site’s 

more than 150 science titles. >> 
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NVI APODE NIA LLOVY DODU 


The Nicobar megapode, a ground-dwelling bird in some ways 
resembling the ill-fated dodo, has had a tough decade—and the 
Asian tsunami of 2004 has made matters worse. The Wildlife 
Institute of India has surveyed the bird’s habitat and found that the 
population has declined by about 70% over the past dozen years. 
The reddish-brown megapode lays its eggs in large mounds 
of sand, loam, coral bits, and rotting vegetation. Once two to 
four eggs have been laid, the 
parents cover the nest with 
plant debris, which generates 
enough heat to incubate the 
eggs. Incubation mounds can 
reach heights of 3.5 meters. 
Earlier this year, India’s pre- 
mier wildlife institute conducted 
a status survey of endangered 
species in the Nicobar Islands 
east of Sri Lanka, which were 
severely affected by the tsunami. 
The researchers found evidence of only 800 breeding pairs of the 
megapode. Worse, says institute scientist K. Sivakumar, Megapode 
Island, which was declared a wildlife sanctuary for the birds, has 
been totally submerged. Sivakumar believes that if local tribes can 
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A Prematurity Gene 


African-American women are two to three times as likely to give birth prema- 
turely as women of European origin. Scientists have now identified a possible 
genetic contributor to the difference: a gene variant that affects the strength 
and resilience of the amniotic sac. 

Preterm premature rupture of membranes (PPROM)—the term for when a 
woman's “water breaks” prematurely— 
accounts for one-third of premature births, 
and a black woman’s risk of PPROM is more 
than twice that of a Caucasian woman. 
Scientists led by physician Jerome Strauss 
of Virginia Commonwealth University in 
Richmond now say a gene that helps 
boost collagen levels in fetal membranes 
could explain the disparity. 

The gene, which encodes heat shock 
protein 47, has a variant that is less 
active in collagen production and is pres- 
ent in 12% of African Americans but only 
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4% of Caucasians. 

The team collected genetic data on 
infants delivered by 602 black mothers in 
four U.S. cities. Among the fetuses of the 
244 mothers who had PPROM, 11.5% had 
this variant, whereas it was present in only 
4.5% of the infants delivered at term, the researchers reported online last 
week in the Proceedings of the National Academy of Sciences. This is the first 
example of an “ancestry-informative” marker for pregnancy complications 
in African Americans, the authors claim. 

The study is “potentially important,” says physician Richard Cooper of 
Loyola University in Maywood, Illinois. But he contends that the black-white 
gap in premature births has been narrowed by better care in recent years, so 
the mutation would only explain a “small proportion” of the difference. 


be made aware of the problem, the bird population, which is mainly 
threatened by habitat destruction, could bounce back. 


STRIKE OUT? >> 


Scientists need $1.3 million to buy a 
piece of tropical forest in Costa Rica. 
They're hoping to raise it by selling 
a baseball on eBay. Not just some 
Babe Ruth memento, but a ball 
signed by “the four greatest conserva- 
tionists on Earth.” The idea was the brain- 
child of Norman Gershenz, director of the San 
Francisco, California-based Center for Ecosystem 
Survival. The ball, with a starting bid of $2500, has 
been signed by Harvard's E. O. Wilson, Paul Ehrlich 
of Stanford University, Peter Raven of the Missouri 
Botanical Garden, and Daniel Janzen of the 
University of Pennsylvania. 

Janzen explains that the center wants to buy a 
strategically located 1600-hectare piece of land 
owned by the Del Oro orange plantations. The 
purchase would join Pacific dry forest to Atlantic 
rainforest in the Area de Conservacion Guanacaste 
in northwestern Costa Rica. 

“Getting one signature from any of the individuals 
in this esteemed group would be a coup; getting four 
together on one item is priceless,” says Gershenz. 
It’s not clear whether anyone agrees. As of 25 August, 
the ball, which went on sale on 21 August for a week, 
had received no bids. 


AMAZONIAN AMBER 


This tiny fly is is one of a variety of bug and plant fossils recently found in amber 
desposits on the banks of the Amazon in northeastern Peru. John J. Flynn of the 
American Museum of Natural History in New York City, with colleagues from France 
and Peru, has been plying the river in search of 15-mil- 
lion-year-old Miocene outcroppings that would reveal 
the history of the region. “The discovery virtually 
instantaneously opens a window to the Amazon,” he 
says. There have been only three other finds of amber- 
encased fossils in Latin America covering the past 
65 million years, he says. The abundance of species— 
13 arthropods and some 30 plant, fungus, and bac- 
terium types—confirms that a rich tropical rainforest 
thrived even then, the scientists report in this week's 
Proceedings of the National Academy of Sciences. 
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PLUTO 


Unwelcome 
traveler 


Underworld Character Kicked 
Out of Planetary Family 


PRAGUE, CZECH REPUBLIC—The debate wasn’t 
even supposed to be about Pluto. Last week’s 
vote by the International Astronomical Union 
(IAU) to define the term “planet” was intended 
to set rules for the classification of new discov- 
eries in the outer solar system. Instead—in a 
pair of votes that made headlines around the 
world—IAU not only dropped the small, dis- 
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DWARF PLANETS 


Pluto has always been an oddball. Smaller 
than Earth’s moon, it follows a skewed, elon- 
gated orbit into a region known as the Kuiper 
belt, home to a population of countless “ice 
dwarfs”: rubble left over from the baby days 
of the solar system. After Pluto was discov- 
ered in 1930, IAU declared it a planet by fiat 
but never clearly defined what a planet is. 


Trans- 
Neptunian 


Pluto 2003 UB313 
("Xena") 


Reclassified. Under new rules adopted by the International Astronomical Union, Pluto becomes one of three 
“dwarf planets” as well as the innermost member of a still-unnamed class of Kuiper belt objects. 


tant ice ball from the roster of planets but also 
all but guaranteed that no more planets would 
be discovered in the solar system in the future. 
The decision, made here at the closing ses- 
sion of the IAU’s triennial meeting,* reclassi- 
fies Pluto as a “dwarf planet”—but not a 
planet. That is “patently incorrect,” says 
astronomer and Pluto buff Alan Stern of the 
Southwest Research Institute in Boulder, 
Colorado, who heads the New Horizons mis- 
sion that set off last January to explore the tiny 
ex-planet in 2015. “If the [AU wants to pro- 
claim that the sky is green, that doesn’t make it 
so.” But other astronomers and planetary scien- 
tists—including some who supported Pluto’s 
planetary status—say it’s time to move on. 


* 26th General Assembly, International Astronomical 
Union, 14—25 August, Prague. 


The question became impossible to 
ignore in the summer of 2005, when Michael 
Brown, a planetary scientist at the California 
Institute of Technology in Pasadena, 
announced the discovery of 2003 UB,,, 
(nicknamed “Xena”), an icy world farther 
from the sun than Pluto and some 10% larger. 
Had Brown discovered the 10th planet? 
Without a formal definition, there was no 
way to tell. So earlier this year, the [AU 
Executive Committee asked seven people 
(including award-winning science writer 
Dava Sobel) to write one. 

Chaired by Owen Gingerich, a professor 
of astronomical history at the Harvard- 
Smithsonian Center for Astrophysics in 
Cambridge, Massachusetts, the committee 
met in Paris on 30 June and 1 July and unan- 
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imously agreed that planet club member- 
ship would be open to any sun-circling body 
big and massive enough to become spheri- 
cal under its own self-gravity. That would 
include not only Pluto and “Xena” but also 
Ceres, the largest member of the rocky 
asteroid belt between the orbits of Mars and 
Jupiter. The definition also opened the door 
for scores of yet-to-be-discovered Kuiper 
belt planets. In addition, the committee pro- 
posed that Pluto’s large moon Charon 
should be considered a planet in its own 
right and that Pluto-like objects in the 
Kuiper belt should be called “plutons.” 

IAU presented the resolution to its Gen- 
eral Assembly on 16 August, giving the 
roughly 2500 attendees more than a week to 
discuss it. But the committee expected clear 
sailing. “We felt we had a resolution that 
anybody could love,” Sobel says. 

Instead, the “12-planet proposal” went 
down in flames. Critics objected that planets 
should also be defined by their orbital 
dynamics, not just their size and shape. All 
eight “major” planets, they pointed out, 
were massive enough to sweep up, fling 
away, or gravitationally control all the 
debris in their parts of the early solar sys- 
tem, but Ceres and Pluto—and a host of 
other candidate “planets’”—were not. 

Many astronomers lambasted the resolu- 
tion during a tumultuous lunchtime meeting 
on 22 August. To Gingerich’s argument that 
the proposal rested on physical criteria, aster- 
oid researcher Andrea Milani of the Univer- 
sity of Pisa in Italy, literally screamed, 
“Dynamics is not physics?” Other astro- 
nomers protested the committee’s neglect of 
extrasolar planets, only to be angrily silenced 
by outgoing IAU President Ronald D. Ekers, 
who declared such issues to be “out of order!” 
Some in the audience expressed chagrin. “It 
should never have become this emotional,” 
says astronomer George Miley of Leiden 
University in the Netherlands. 

On the morning of 24 August—the day of 
the vote—IAU issued a revised resolution 
(5A) adding gravitational dominance to the 
requirements for planethood and omitting any 
reference to Charon or “plutons.” Ceres, 
Pluto, “Xena,” and other spherical sun- 
circling bodies were labeled “dwarf planets.” 
But to the surprise of many, IAU added an 
optional amendment (resolution 5B) that 
would have changed the term “planet” in 
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resolution 5A into “classical planet.” By 
restricting the new definition to the eight 
existing “classical planets,” the second resolu- 
tion implied that dwarf planets were a sub- 
category of planets, too. To “Pluto-bashing” 
planetary scientists, it looked as if the com- 
mittee had made a final attempt to keep the 
small balls in the planet league. 

As it turned out, resolution 5A (including 
the dynamical criterion) passed by a margin 
so wide that no formal count was deemed 
necessary, and its sibling 5B was soundly 
defeated. At 3:32 p.m. European time, Pluto 
ceased to be a planet. 

The Plutonic wars aren’t over yet. “This is a 
sloppy, bad example of how science should be 
done,” says Stern, who was not at the meeting. 


SCHOLARLY PUBLISHING 


Particle Physicists 


Particle physicists have come up with a 
novel way to promote free, immediate 
access to journal articles. Led by CERN, the 
giant lab near Geneva, Switzerland, they 
want to raise at least $6 million a year to 
begin buying open access to all published 
papers in their field. 

The proposal adds fuel to the ongoing 
debate about public access to research results. 
Some private biomedical funding groups, such 
as the U.K.’s Wellcome Trust, now pay the 
author fees required for their grantees to 
publish in open-access journals. CERN’s 
announcement goes further, say observers. 
“Across a discipline is new,” says Peter Suber, a 
philosophy professor at Earlham College in 
Richmond, Indiana, who closely follows open- 
access developments for the Scholarly Publishing 
and Academic Resources Coalition. 

CERN organizers cite next year’s start- 
up of the Large Hadron Collider (LHC), the 
most powerful accelerator ever, as the pro- 
posal’s motivation. That will be “a unique 
opportunity to reform the publishing para- 
digm of the particle physics community to 
ensure the widest, most efficient dissemina- 
tion of results from this unique facility,” a 
task force of CERN, other particle physics 
funders, and scientific publishers con- 
cluded in a report issued in June.” 


*ltibrary.cern.ch/OAlaskForce_public.pd 


Big-game 
protector 


In protest, he and others have already with- 
drawn articles from an upcoming edition of a 
professional solar system encyclopedia after 
the editor requested them to change Pluto’s sta- 
tus in the articles. A petition against the 
accepted planet definition is already circulat- 
ing among planetary scientists. 

But 2003 UB,,,’s discoverer Michael 
Brown (who is not an IAU member and thus 
had no say in the matter) urges peace. “It 
was the right scientific choice. As scientists, 
we should say, ‘It’s fine. Let’s let it go and 
get on with the business.’ ” 

The business includes coining a word for 
dwarf planets beyond Neptune, of which 
Pluto has been designated as the prototype, 
and setting an official name for dwarf 


To accomplish this goal, the task force 
proposed that a consortium of labs and fund- 
ing agencies pay publication costs for parti- 
cle physics papers. It would cost $6 million 
or more a year to include all the journals 
willing to offer an open-access option, the 
group estimated. That would cover up to half 
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Knowledge glut. The 5-year totals for 17,995 
theoretical (top) and 2618 experimental (above) 
papers in open-access-ready journals. 
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Ripening 
knowled 


planet 2003 UB,,,. Planetary scientists must 
also decide whether dwarf planets belong in 
their large and steadily growing list of minor 
planets or in a new catalog. 

And of course, schoolbooks have to be 
rewritten. Despite the flood of news stories 
speculating about the effect of the [AU vote 
on students’ fragile psyches, Brown predicts 
that children will adapt easily to the revised 
solar system. “People are not as upset about 
schoolkids as they think they are,” he 
asserts. “They’re actually upset about their 
memories of themselves as schoolkids. The 
kids will be fine.” —GOVERT SCHILLING 
Govert Schilling is an astronomy writer in Amersfoort, 


the Netherlands. With additional reporting by John 
Bohannon and Robert Coontz. 


Want to Expand Open Access 


of the 6000 or so original theory and experi- 
mental papers published each year. 

The task force hopes to start with 
$3 million to implement the policy at a few 
major journals. The practice would begin 
with the first LHC technical papers next 
year, says CERN’s Riidiger Voss. 

Last week, the American Physical Society 
announced that a $975 to $1300 payment to its 
two main journals would make an article avail- 
able to all readers (Science, 25 August, 
p. 1031). Elsevier, the other major particle 
physics publisher, recently announced an 
open-access option for $3000, an amount not 
included in the task force’s cost estimate. 
CERN’s plan to sponsor journals would not be 
permanent: “We see it primarily as a transition 
scenario,” Voss says, after which funders 
would pay author fees for individual grantees. 

Nearly all particle physicists already 
share preprints of their articles on free 
servers such as|arXiv.org]at Cornell Univer- 
sity Library. Voss, however, argues that the 
final, vetted article is still what academia 
values most and that physicists are losing 
access as budget-strapped libraries cut back 
on journal subscriptions. Paul Ginsparg, 
who runs{arXiv.org] adds that journals serve 
as stable, long-term archives and offer 
extras such as searching for related papers 
in other journals. 

—-JOCELYN KAISER 
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GENETICS 


Genomes Highlight Plant Pathogens’ 


Powerful Arsenal 


For farmers and botanists, Phytophthora 
unfortunately lives up to its name, which is 
Greek for “plant destroyer.” The 70-odd 
species of this eukaryotic genus include the 
pathogens behind root rot in soybeans, sudden 
oak death, and potato blight, which still causes 
upward of $5 billion of damage across the 
world. Just about all broadleaf plants suffer to 
some extent from Phytophthora, a distant rela- 
tive of kelp and diatoms. “They’ve been terrif- 
ically successful as plant pathogens,” says 
Brett Tyler of Virginia Polytechnic Institute 
and State University in Blacksburg. 

Onhpage 1261] a large team led by Tyler 
and Jeffrey Boore of the Joint Genome Insti- 
tute in Walnut Creek, California, describes 
the first two genomes of this genus. The 
sequences reveal that P sojae and P ramorum, 


Killer. Zoospores of Phytophthora 
ramorum (inset) infected this coast 
live oak, Quercus agrifolia. 


which cause soybean root rot and sudden oak 
death respectively, have a diverse array of 
proteins with which to attack their hosts. 
Plant pathologists are eager to learn more 
about such attacks and how to prevent the 
damage they cause. The sequences “open 
so many doors that we can now investigate; 
I’m very excited,” says William Fry of 
Cornell University. 

Tyler and Boore’s team began sequenc- 
ing the two genomes in 2002. The team has 
so far identified 19,027 likely genes in 
P. sojae and 15,743 in P ramorum. Fungal 
pathogens, in comparison, typically have 
10,000 to 12,000 genes. 


One reason for the surfeit is that the two 
species have diversified their genetic reper- 
toire for making substances that attack plants, 
such as toxins and enzymes to break down 
cell walls. In particular, the secretome—those 
genes that make proteins to be secreted—is 
evolving much more rapidly in each species 
than are the overall collection of protein- 
encoding genes. In P sojae, for example, 
17% of the 1464 genes for secreted proteins 
are at least 30% distinct from their peers; over- 
all, it’s just 9%. “It tells us that secreted 
proteins are diverging more rapidly,” Tyler says. 

Both species have about 350 genes that 
resemble so-called avirulence genes seen in 
bacterial plant pathogens. But such bacteria 
typically have only 20 to 30 of these genes. 
Avirulence proteins are highly targeted to par- 
ticular hosts, and bacterial pathogens inject 
them into plant cells, lowering the plant’s 
defenses or exploiting other weaknesses. 
“They’re going after the generals inside the 
fortifications,” says genomicist Ralph Dean 
of North Carolina State University in Raleigh. 
“Tt’s going to be absolutely amazing to figure 
out what these do” in Phytophthora. 

The hope is that researchers will eventu- 
ally be able to slow the assault of Phytophthora 
pathogens, either by designing better chemi- 
cal treatments or engineering stronger resist- 
ance into plants. Neither prospect is 
imminent. The genomes appear to 
contain complex arrays of genes 

with overlapping or redundant 
functions, making it difficult 
to find a single approach that 
will deliver a knockout blow. 
Nonetheless, the genome sequences 
are already proving their worth. In 
May, two team members used gene 
markers from the sequences to show that 
diversity of P ramorum is much higher in 
nurseries than in forests, which further 
demonstrated the role of plant nurseries in the 
spread of the pathogen. 

Other findings reported in the Science 
paper include hundreds of Phytophthora 
genes apparently derived from red algae or 
cyanobacteria, bolstering a hypothesis that 
several kingdoms evolved from a photo- 
synthetic ancestor. Meanwhile, researchers at 
the Broad Institute in Cambridge, Massachu- 
setts, released a preliminary assembly in July of 
half of the much larger genome of P infestans, 
the cause of potato blight. | -ERIK STOKSTAD 
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No Messing With the Margins 


Seeking brevity, the National Institutes of 
Health (NIH) aims to shorten grant applica- 
tions. Reviewers of NIH’s standard RO1 appli- 
cation must currently wade through 25 pages 
with unlimited appendices—longer than at 
any other major funding agency. At a meeting 
of the NIH Center for Scientific Review's advi- 
sory council this week, NIH staff said they 
were considering a limit of 15 pages with no 
appendices. Biologist Keith Yamamoto of the 
University of California, San Francisco, sug- 
gested seven pages with emphasis on innova- 
tion instead of preliminary results. NIH will 
request input on the issue this fall. 

—-JOCELYN KAISER 


Sanguine in Japan 


Last year, Japan's Ministry of Education asked 
for a 9.5% increase in science and technology 
spending; it ended up with a 0.1% cut, leav- 
ing the budget at $19.7 billion. Ever opti- 
mistic, this year the ministry's spending wish 
list, announced this week, would boost spend- 
ing 20%. Officials acknowledge that budget- 
cutting fever could dampen their hopes, but 
they feel lucky. “Compared to other budget 
categories, science spending could rise, but 
we don’t know just how much,” says Kazuo 
Todani, head of the Education Ministry's 
budget department. Projects likely to receive 
sustaining funds include a 10-petaflops 
supercomputer, expected to cost $1 billion 
over 7 years, and a $365 million x-ray free 
electron laser. —-DENNIS NORMILE 


Singing Singh's Praises 

Soothing words from Prime Minister Manmo- 
han Singh last week appear to have headed off 
a move by leading retired Indian nuclear scien- 
tists to publicly object to the U.S.-India nuclear 
agreement. Eight dissenters—including three 
former chairs of India’s Atomic Energy Commis- 
sion (AEC)—wrote an open letter to the Indian 
Parliament last month saying that limitations in 
the proposed pact with the United States would 
endanger the “independence” of India’s 
nuclear research and possibly impose a bomb 
test ban Geence, 5 May, p. 679). 

Supporters of the deal feared that the 
influential researchers could have raised a 
public outcry. But after a 1.5-hour private 
conference with the leader, says former AEC 
chair M. R. Srinivasan, Singh “assured and 
reiterated that the past gains made in the 
nuclear program will be consolidated.” The 
group has declared its concerns addressed. 

—-PALLAVA BAGLA 
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EMERGING INFECTIOUS DISEASES 


During a Hot Summer, Bluetongue 
Virus Invades Northern Europe 


In a striking example of patho- 
gens hopscotching the globe, a 
livestock virus originating in 
Africa appears to have hit three 
countries in northern Europe 
since 14 August. More than 
70 farms in the Netherlands, Ger- 
many, and Belgium have been 
affected by bluetongue disease, 
an insect-borne infection of rumi- 
nants such as cows, sheep, goats, 
and deer. Scientists are trying to 
discover how the virus traveled 
and how far it might spread, while 
the European Union (E.U.) has 
implemented control 
measures, including 
some exports. 

The bluetongue 
virus, carried by 
tiny insects called 
Culicoides, or bit- 
ing midges, is harm- 
less to humans but 
causes a severe and 
sometimes fatal disease—symptoms include 
a blue tongue, a result of bleeding—in sheep 
and goats. Cows are reservoirs but usually 


COMPUTER SECURITY 


Pestilence. Tiny Culicoides midges can carry a 
virus harmful to sheep and other ruminants. 


don’t get sick. The virus, for which 24 serotypes 
are known, occurs in many parts of the world, 
but until recently it was almost never seen in 


DOE Tightens Monitoring of Lab Collaborators 


In an effort to safeguard sensitive and classi- 
fied information, the U.S. Department of 
Energy has decided that anyone who wants to 
access the agency’s computers must first give 
DOE written permission to do some elec- 
tronic snooping. Managers at DOE national 
labs say that the new rule could hinder collab- 
orations between lab scientists and academic 
researchers and, at a minimum, be an admin- 
istrative nightmare. But agency officials say 
researchers shouldn’t worry because the rule 
won’t be implemented as written. 

The rule, which builds on the National 
Defense Authorization Act of 2000, was pub- 
lished in the Federal Register on 19 July and 
went into effect 18 August. It mandates that 
anybody accessing information on computers 
owned by DOE and its contractors first provide 
the agency with “written consent” for investi- 
gators to check any DOE computer accessed 
by the individual for up to 3 years in the future. 
Currently, a warning banner appears whenever 


somebody logs on to a DOE computer—be it 
an employee at a national lab or an academic 
researcher logging on remotely from a univer- 
sity campus—asserting DOE’s right to moni- 
tor the user’s computer habits. 

With the new regulation in place, thou- 
sands of university researchers around the 
world—in addition to DOE and national lab 
employees—would need to agree in advance 
to those conditions in writing rather than elec- 
tronically. The regulation “is not well suited to 
the collaborations we do at our lab,” says 
Dwayne Ramsey, computer protection pro- 
gram manager at Lawrence Berkeley 
National Lab in California. He adds that com- 
plying with the rule will be nearly impossible 
for grid computing projects, which often 
involve a fluid cast of users and computing 
resources. “Large international scientific col- 
laborations increasingly depend on the trust 
of domains, not just people,” he says. 

Physicist James Shank of Boston Univer- 


Europe. Since 1998, however, some serotypes 
have made dramatic incursions into Greece, 
Italy, Spain, Portugal, and the Balkan coun- 
tries, a trend some scientists blame on 
climate change. 

When the virus first turned up in the 
Netherlands on 14 August—much farther 
north than it had ever been seen—tesearchers 
assumed one of the southern European 
strains had taken another major leap, which 
in itself would have been “very surprising” 
given Culicoides’s limited flying abilities, 
says bluetongue epidemiologist Bethan 
Purse of the University of Oxford. But a 
genetic analysis completed last weekend at 
the Institute for Animal Health (I[AH) in 
Pirbright, U.K., revealed the virus to be of 
serotype 8, previously known to occur spo- 
radically in sub-Saharan Africa, South Amer- 
ica, and the Indian subcontinent. Its genetic 
fingerprint is closest to that of a Nigerian 
strain, which strongly suggests an African 
source, says IAH virologist Peter Mertens. 

It’s a mystery how this strain reached 
northern Europe, because there is very little 
traffic of ruminants between Africa and 
Europe, says epidemiologist Aline de Koeijer 
of the Central Institute for Animal Disease 
Control (CIDC) in Lelystad, the Netherlands. 
Perhaps an imported zoo animal was infected, 
she suggests, or an infected midge may have 
hitched a ride on an airplane. The current out- 
break is unusual in that some cows have gotten 
sick, but it’s unclear whether this is typical > 


sity, who heads the U.S. grid computing 
effort for Atlas—an international particle 
physics experiment at CERN partly under- 
written by DOE—says complying with the 
rule will also pose an unnecessary financial 
burden. “We will likely have to redirect 
somebody from the project or hire somebody 
to take care of the paperwork,” says Shank, 
who along with hundreds of academic col- 
leagues routinely logs on to computers at 
DOE’s Brookhaven National Laboratory in 
Upton, New York, in order to work on Atlas. 
A DOE spokesperson told Science that 
the agency plans to implement the rule in a 
way that will address these concerns. One 
possibility is for DOE to interpret “written 
consent” broadly so as to accept electronic 
signatures, which would enable users to click 
“T agree” on a consent form on the Web. One 
lab official calls that “a graceful way not to 
admit that the regulation is flawed.” 
—-YUDHIJIT BHATTACHARJEE 
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of the little-studied serotype 8, says CIDC 
virologist Eugéne van Rooijj. 

In southern Europe, bluetongue’s main 
vector is a species called C. imicola, which 
doesn’t occur in the newly affected countries. 
Around stricken farms, a team led by medical 
and veterinary entomologist Willem Takken 
of Wageningen University in the Netherlands 
has found predominantly C. obsoletus— 
which lab studies have shown to be a poten- 


ACADEMIC CAREERS 


tial vector for bluetongue—as well as eight 
other Culicoides species, Takken says. All 
will be tested for the presence of the virus. 
Once introduced, the virus may have 
benefited from the warm weather, which 
speeds up its life cycle; July was the hottest 
month on record in the Netherlands. Scien- 
tists are hoping that the northern European 
winter will kill off all infected midges and 
prevent a 2007 sequel. -MARTIN ENSERINK 


USC Hires Prepackaged Team 


Academic departments typically grow in 
the way that crystals do, by adding faculty to 
their existing lattices one member at a time. 
But in a bold experiment that begins this 
fall, the University of Southern California 
(USC) in Los Angeles has hired seven sci- 
entists who pitched themselves to the insti- 
tution as a package. 

The appointments by the Wrigley Insti- 
tute for Environmental Studies (WIES) are 
part of the university’s push to add 100 fac- 
ulty members to its College of Letters, Arts, 
and Sciences. Three of the seven WIES hires 
are genomics experts; the rest specialize in 
marine biogeochemistry. Together, the septet 
plans to use gene sequencing as a tool to 
explore the dynamic relationship between 
microbial colonies and the ocean’s chemical 
environment. The 11-year-old institute has 
some 30 faculty members and includes a 
marine biology station on Catalina Island. 

“By hiring researchers who are already 
organized into a team, we’re starting out 
with a very strong basis for interdisciplinary 
scholarship,” says institute director Anthony 
Michaels, who sold the idea to the univer- 
sity. Michael Quick, dean of the college, 
says administrators felt that the concept fit 
USC’s strategy of creating “niches within 
fields in which we can be leaders.” 

The process began last year with ads for 
“an integrated group, a mix of Full, Associ- 
ate, and Assistant Professors, who are inno- 
vative, entrepreneurial, interdisciplinary 
leaders.” Michaels says he wanted to invite 
big, novel ideas “to break the limits of our 
own imagination.” Another goal, he says, was 
“to achieve economies of scale. We thought 
that members of a group applying together 
would be much more willing to share 
resources than individuals hired separately.” 

Of the 100 applications, the search com- 
mittee ended up liking three groups, all of 
whom shared an interest in applying 
genomic analysis to understanding marine 


geochemistry. At the committee’s prodding, 
the three clusters merged and presented their 
work last fall at a seminar. “We knew they 
were going to get along,” says Michaels. 
“Working within such a group will allow 
us to focus on a range of big questions,” says 
John Heidelberg, who comes to the cluster 
from The Institute for Genomic Research in 
Rockville, Maryland. Another genomics 


All for one. USC's Anthony Michaels sees faculty 
strength in numbers. 


expert in the cluster is his wife Karla, for- 
merly at the neighboring J. Craig Venter 
Institute. Three members come from the 
Woods Hole Oceanographic Institution in 
Massachusetts: geobiologist Katrina 
Edwards; her husband Eric Webb, who spe- 
cializes in cyanobacterial physiology and 
genomics; and James Moffett, an expert in 
trace metal ocean biochemistry. The team 
also includes oceanographer David 
Hutchins of the University of Delaware, 
Lewes, and trace metal biochemist Sergio 
Safiudo-Wilhelmy of Stony Brook University 
in New York. —-YUDHIJIT BHATTACHARJEE 
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Flap Claims Journal Editor 


The editor of Neuropsychopharmacology will 
relinquish his post following a stir over his 
failure to list commercial ties in a July article 
about a new treatment for depression on 
which he was primary author (Science, 

4 August, p. 598). Charles Nemeroff, chair of 
the psychiatry department at Emory University 
in Atlanta, Georgia, last week notified the 
American College of Neuropsychopharmacol- 
ogy (ACNP), the journal's publisher, that he 
would step down when his 3-year term ends in 
December. “The controversy ... continues to 
detract from our basic mission,” says 
Nemeroff, who was offered a second term in 
May. “I cannot recall another time where 
there has been so much concern among the 
membership,” wrote ACNP president Kenneth 
Davis in a 27 August letter to members. 

Last week, the ACNP Council, which over- 
sees the journal, approved a series of meas- 
ures to address the issue. These include dis- 
closure by all council members and their 
spouses of recent relationships with industry. 
“Our College ... sits on the fault line between 
academia and industry,” wrote Davis, who 
said he hopes the new editor will be “rela- 
tively free of industry relationships.” 

—CONSTANCE HOLDEN 


Tooooooooooot 


All aboard the Florida gravy train. The Scripps 
Research Institute in San Diego, California, 
was the first to climb on in 2003, when it 
inked a deal to open a brand-new East Coast 
branch in Palm Beach County—greased with 
$510 million from state and local govern- 
ments. Last week, the Burnham Institute, 
also in San Diego, got aboard as well. Burn- 
ham pledged to bring as many as 300 well- 
paying biomedical research jobs to Orlando 
in exchange for a package of $310 million 
from Florida, the city of Orlando, the sur- 
rounding county, regional universities, 
developers, and philanthropies. 

The dealmaking likely isn’t done yet. A third 
San Diego-based research outfit—The Torrey 
Pines Institute for Molecular Studies—is being 
wooed by the cities of Port St. Lucie and Boca 
Raton with a package of incentives valued at 
$93 million. And the Silicon Valley—based SRI 
International is in negotiations as well. 

Diabetes researcher Mark Atkinson of the 
University of Florida, Gainesville, says he 
expects the Burnham deal to be a boon for local 
science. He doesn’t know how Florida Governor 
Jeb Bush keeps snagging California institutes, 
he adds, “but it seems to be working.” 

—ROBERT F. SERVICE 
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A Hurricane’s Punch Still Knocks Out Forecasters 


A day and a half before Hurricane Charley 
hit Florida on 13 August 2004, the National 
Oceanic and Atmospheric Administration 
(NOAA) predicted it would probably be a 
Category 2 storm, “just shy of major hurri- 
cane status” and with maximum winds of 
177 kilometers per hour. But the storm made 
landfall as a Category 4—with 241-km/h 
winds that killed 10 people and left billions 
of dollars of damage. 

Decades of federally funded research have 
led to impressive gains in predicting where a 
hurricane will strike. But 
although forecasting a storm’s 
track is largely influenced by 
nearby weather, sea, or land 
features, scientists say that 
knowing a storm’s intensity 
also depends on the internal 
dynamics of a chaotic system. 
That’s a much harder challenge 
and one that NOAA scientists 
admit they haven’t solved. “We 
don’t even know why [Charley] 
intensified,’ confesses meteor- 
ologist Morris Bender of 
NOAA’s Geophysical Fluid 


FLORIDA 


Forecasted: 176 km/h 
Real: 231 km/h 


mates the behavior of local weather and sea 
conditions, as a particular storm may not 
match a historical situation. Last year, its 
current computational model, named for the 
New Jersey lab, only just matched the 
mediocre performance of its statistical com- 
petitor—a result GFDL developer Robert 
Tuleya, now a NOAA contractor, called 
“quite frankly ... embarrassing.” After all, a 
computational model, if it accurately mim- 
ics areal system, should beat what amounts 
to a statistical guess. (The model gets good 
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Dynamics Laboratory (GFDL) 
in Princeton, New Jersey. Nor, 
for that matter, do scientists 
know why Katrina dipped in 
intensity before it pounded 
the Louisiana coast | year 
ago this week. 

As the 2006 hurricane sea- 
son unfolds, the best way to 
improve NOAA’s ability to 
forecast storm strength is a 
pressing—and controversial— 
question. Agency officials 
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Blown away. Hurricane Charley in 2004 turned out to be much more 


say that a current $4 million powerful than forecasters predicted 18 hours before Florida landfall. 


project to create a new com- 
putational model is sufficient. But a recent 
report by a NOAA advisory panel disagrees 
and calls for massive new investment, 
research initiatives, and sharing arrange- 
ments. “NOAA’s current program is moving 
in the right direction,” says meteorologist 
John Snow of the University of Oklahoma, 
Norman, who chaired the panel. “We think 
they can move much more aggressively.” 
NOAA’s best current prediction tool is a 
statistical model that uses data from previ- 
ous hurricanes to give a probable outcome 
of a storm given its initial conditions. But 
the agency would prefer to develop a com- 
putational model that dynamically approxi- 


marks for predicting a hurricane’s track.) 
Along with the new model, which will be 
made more realistic by including aspects of 
ocean behavior and cloud ice, the agency 
plans by 2009 to outfit hurricane-hunter 
planes with a $13 million storm-imaging 
radar system to supplement satellite data. 
But Snow and others question whether 
those efforts will be enough to solve the 
intensity riddle. NOAA’s new modeling 
effort will image features on a 9-kilometer- 
square grid. But that’s much too crude to 
detect clues about a key phenomenon called 
a “replacement cycle”—in which outer 
rainbands can dissipate or later strengthen 


the storm’s most intense inner winds. Those 
events occur on scales as small as | kilo- 
meter, Snow says, adding that NOAA will 
be “consistently underestimating storms” 
unless it can image such features. 

Some scientists also feel that nascent 
efforts by NOAA to link ocean conditions 
and hurricane intensity are going too 
slowly. The modeling community and 
NOAA have available only a half-dozen 
data sets that relate ocean currents to hur- 
ricane strength, a situation physical 
oceanographer Lynn Shay of the Univer- 
sity of Miami in Florida calls “pathetic.” 
The same shortcoming exists for ocean 
waves, says Shay, adding that “you can’t do 
coupled models without having ocean and 
atmospheric data.” 

Shay would like NOAA to ask academic 
scientists to help it design buoys or probes 
to generate more data. Snow’s group also 
proposed a new advisory board on hurri- 
cane modeling, drawn from the wider aca- 
demic community, as well as a new, bol- 
stered hurricane center that would include 
NOAA’s applied research. 

NOAA, which received $3 million of 
supplemental funding this year to speed 
modeling efforts, defends its current 
intensity approach. The agency already 
spends $26 million a year for computing 
needs in weather, climate, and ocean pre- 
diction, and Louis Uccellini, head of 
NOAA’s prediction operations in Camp 
Springs, Maryland, fears that focusing 
efforts on resolution alone would over- 
shadow efforts to integrate data, study 
storm dynamics, or link atmospheric 
effects with the ocean. “There are no silver 
bullets,” he says. A model with finer resolu- 
tion could also eat up the limited computing 
time the agency has to model a storm as it 
approaches. In fact, some scientists say it’s 
impossible to know whether a 1-km-resolution 
model would actually lead to better intensity 
forecasting because the eye-replacement 
cycle is only one of a number of factors that 
might lead to better forecasts. 

Officials say recent practice runs using a 
GFDL model souped up with code for cloud 
physics and other phenomena were on aver- 
age 20% more accurate in predicting the 
intensity of major storms in the past 3 years. 
And the developers of the next-generation 
model should reap the benefits, says 
Bender: “We’re making great strides.” 

—ELI KINTISCH 
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After making the difficulpaecision 


to turn in their adviser forascte 
misconduct, a group of graduate 


MADISON, WISCONSIN—In those first dis- 
orienting months, as fall last year turned to 
winter and the sailboats were hauled out of 
nearby lakes, the graduate students some- 
times gathered at the Union Terrace, a pop- 
ular student hangout. There, they clumped 
together at one of the brightly colored tables 
that look north over Lake Mendota, drink- 
ing beer and circling endlessly around one 
agonizing question: What do you do when 
your professor apparently fakes data, and 
you are the only ones who know? 

Chantal Ly, 32, had already waded 
through 7 years of a Ph.D. program at the 
University of Wisconsin (UW), Madison. 
Turning in her mentor, Ly was certain, meant 
that “something bad was going to happen to 
the lab.” Another of the six students felt that 
their adviser, geneticist Elizabeth Goodwin, 
deserved a second chance and wasn’t certain 
the university would provide it. A third was 
unable for weeks to believe Goodwin had 
done anything wrong and was so distressed 
by the possibility that she refused to examine 
available evidence. 

Two days before winter break, as the 
moral compass of all six swung in the same 
direction, they shared their concerns with a 
university administrator. In late May, a UW 
investigation reported data falsification in 
Goodwin’s past grant applications and raised 
questions about some of her papers. The case 
has since been referred to the federal Office 
of Research Integrity (ORD) in Washington, 


D.C. Goodwin, maintaining her innocence, 
resigned from the university at the end of 
February. (Through her attorney, Goodwin 
declined to comment for this story.) 
Although the university handled the case 
by the book, the graduate students caught in 
the middle have found that for all the talk 
about honesty’s place in science, little good 


“Here | am, I've invested so 
much time in grad school, 
and this happens. If we let 
someone know ...” 

—Chantal Ly 


has come to them. Three of the students, 
who had invested a combined 16 years in 
obtaining their Ph.D.s, have quit school. 
Two others are starting over, one moving to 
a lab at the University of Colorado, extend- 
ing the amount of time it will take them to 
get their doctorates by years. The five grad- 
uate students who spoke with Science also 
described discouraging encounters with 
other faculty members, whom they say 
sided with Goodwin before all the facts 
became available. 

Fraud investigators acknowledge that out- 
comes like these are typical. “My feeling is 
it’s never a good career move to become a 
whistleblower,” says Kay Fields, a scientific 
investigator for ORI, who depends on pre- 


cisely this occurrence for misconduct cases 
to come to light. ORI officials estimate that 
between a third and half of nonclinical mis- 
conduct cases—those involving basic scien- 
tific research—are brought by postdoctoral 
fellows or graduate students like those in 
Goodwin’s lab. And the ones who come 
forward, admits ORI’s John Dahlberg, often 
suffer a “loss of time, loss of prestige, [and a] 
loss of credibility of your publications.” 

Indeed, Goodwin’s graduate students 
spent long hours debating how a decision to 
alert administrators might unravel. Sarah 
LaMartina, 29, who gravitated to biology 
after its appeal outshone her childhood plan 
to become a veterinarian, had already spent 
6 years in graduate school and worried 
whether all that time and effort would go to 
waste. “We kept thinking, ‘Are we just stupid 
[to turn Goodwin in]?’ ” says LaMartina, 
whose midwestern accent reflects her 
Wisconsin roots. “Sure, it’s the right thing to 
do, but right for who? ... Who is going to 
benefit from this? Nobody.” 


Shock waves 

Goodwin, in her late 40s, had come to the 
University of Wisconsin in 2000 from 
Northwestern University in Chicago, Illinois, 
and was awarded tenure by UW soon after. 
Landing in Wisconsin was something of a 
homecoming for her; she had done a postdoc 
under Judith Kimble, a prominent develop- 
mental geneticist in the same department. 
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Career conundrum. Chantal Ly, in her adviser’s 
now-vacant lab, faced wrenching choices after she 
and fellow graduate students began questioning the 
contents of their boss’s grant application. 


Goodwin studied sex determination in 
worms during their early development and 
has published more than 20 papers on that 
and other subjects in various prominent jour- 
nals (including, in 2003, Science). Goodwin 
was also the oldest of a crop of female faculty 
members hired in recent years by genetics 
department chair Michael Culbertson. “She 
was the role model,” he says. 

In the beginning, the Goodwin lab had a 
spark. Students recall being swept up in its 
leader’s enthusiasm when, seeking a lab in 
which to settle, they rotated through for a 
month during their first year of graduate 
school. Goodwin pushed her students to 
believe that compelling scientific results 
were always possible, boost- 
ing their spirits during the low 
points that invariably strike 
Ph.D. hopefuls. She held 
annual Christmas parties at 
her home west of Madison. 
Once, she took the entire lab 
on a horseback-riding trip. 

Then, last October, every- 
thing changed. One after- 
noon, in the conference room 
down the hall from the lab, Ly 
told Goodwin she was con- 
cerned about her progress: 
The project she’d been work- 
ing on, Ly felt, wasn’t yield- 
ing usable results. Despite 
months of effort, Ly was 
unable to replicate earlier 
observations from the lab. 

“At that time, she gave me 
three pages of a grant [applica- 
tion],” Ly recalled recently. 
The proposal, which was under 
review at the National Insti- 
tutes of Health (NIH), sought 
to broaden a worm genetics project that 
another student, third-year Garett Padilla, had 
begun. Goodwin, Ly says, told her that the 
project, on a new, developmentally important 
worm gene, was “really promising, but there’s 
so many aspects of it there’s no way he can 
work on everything.” Goodwin urged Ly to 
peruse the pages and see whether the gene 
might interest her as a new project. 

Reading the grant application set off 
alarm bells for Ly. One figure, she quickly 
noticed, was represented as unpublished data 
even though it had appeared in a 2004 paper 
published by Goodwin’s lab. 
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Ly and Padilla sat back to back at desks in 
the corridor outside the lab. When she 
showed him the pages from the grant applica- 
tion, he too was shaken. “There was one 
experiment that I had just not done,” as well 
as several published and unpublished figures 
that seemed to have been manipulated, he 
says. Two images apparently identical to 
those already published were presented as 
unpublished and as representing proteins dif- 
ferent from the published versions. “I remem- 
ber being overwhelmed and not being able to 
deal with it at that moment,” says Padilla. 

A bearish 25-year-old with a closely 
cropped beard and wire-rimmed glasses, 
Padilla speaks softly, with deliberation. 
Bored by bench work, he was considering 
leaving biology research for law school and 
had discussed the possibility with Goodwin. 
She had urged him to “stick it out,” he says. 
“Everybody goes through a phase where 


Happier times. The lab poses for a group shot, including (front row) Professor Elizabeth 
Goodwin in blue, Sarah LaMartina in white, Chantal Ly in gray, (back row) Garett Padilla 
in red, postdoc Scott Kuersten in black, and Mary Allen in green. 


they don’t want to be here,” he recalls 
Goodwin telling him. 

Ata loss after seeing the grant application, 
Padilla consulted two scientists for advice: his 
fiancée’s adviser, a physiology professor at the 
university, and Scott Kuersten, a former post- 
doc in Goodwin’s lab who had been dating 
LaMartina for several years and who hap- 
pened to be in town. Kuersten and Padilla 
talked for about an hour and together exam- 
ined the papers cited in the proposal. Kuersten, 
now at Ambion, a biotechnology company in 
Austin, Texas, advised Padilla to ask Goodwin 
for an explanation, as did the physiologist. 
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Padilla steeled himself for a confronta- 
tion. On Halloween day, he paced nervously 
outside Goodwin’s office, summoning the 
courage to knock. The conversation did not 
go well, says Padilla. 

In a computer log of events he had begun 
to keep at Kuersten’s urging, which he 
shared with Science, Padilla wrote that 
Goodwin denied lifting a Western blot 
image from a published paper and present- 
ing it as unpublished work, although, he 
added in the log, “She became extremely 
nervous and repeatedly said, ‘I fucked up.’” 
Padilla also noted: “I left feeling that no 
issues were resolved.” His confusion deep- 
ened when Goodwin later that day blamed 
the problem on a computer file mix-up. 

Meanwhile, word was leaking out to oth- 
ers in the lab that something was terribly 
wrong. Two days later, Padilla called a meet- 
ing of all current lab members: six graduate 
students and the lab techni- 
cian. To ensure privacy, the 
group, minus Ly, who had 
recently had a baby girl, con- 
vened in the nearby engineer- 
ing library. Padilla laid out the 
grant papers for all to see. 

In that meeting, ensconced 
in the library, the grad students 
hesitated at the thought of 
speaking with the administra- 
tion. “We had no idea what 
would happen to us, we had no 
idea what would happen to 
Betsy, we had no idea how the 
university would react,” says 
LaMartina, who admits to 
some distrust of authority and 
also a belief that people who 
err deserve a second chance. 

Ly felt less charitable 
toward Goodwin but con- 
fesses that at first she consid- 
ered only her own predica- 
ment. In many ways, just 
reaching graduate school was 
a triumph for Ly, and she badly wanted that 
doctorate. In 1981, when Ly was 8 years old, 
her family fled Cambodia for the Chicago 
suburbs. Around Ly’s neck hangs a gold- 
plated French coin, a 20-franc piece her 
curator father had collected before he was 
killed in his country’s civil war. 

In Chicago, Ly’s mother worked long 
hours and put her daughter through Wellesley 
College in Massachusetts. When Ly moved 
to Madison, so did her husband, now an 
anesthesia resident, and her mother, who 
speaks little English and cannot drive. “Here 
I am, I’ve invested so much time in grad 
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school, and this happens. If we let someone 
know ...” she says, her voice trailing off. 

The students decided that Padilla 
needed to speak with Goodwin a second 
time, in hope of extracting a clear account 
of what went wrong or even a retraction of 
the grant application. Four days after his 
first nerve-wracking encounter, Padilla was 
in Goodwin’s office again. This time, the 
conversation put him at ease. Padilla says 
Goodwin asked for forgiveness and praised 
him for, as he wrote in the log, “pushing 
this issue.” She told him that the grant 
application was unlikely to be funded—an 
assertion that turned out to be untrue given 
that NIH approved it—but offered to e-mail 
her NIH contact citing some of the prob- 
lems in the application. Goodwin sub- 
sequently sent that e-mail, on 
which Padilla was copied. He b 
left the encounter relieved. 

“At that point, I was pretty 
content to leave it alone,” he says. 
“T felt like we had compromised 
on a resolution.” 


A wrenching choice 

Another student, however, was 
finding little peace. Mary Allen, 
25 and in her fourth year of gradu- 
ate school, couldn’t shake a sense 
of torment about what her mentor 
might have done. A bookworm 
who squeezed 3 years of high 
school into one and entered col- 
lege at age 15, Allen is guided by 
unambiguous morals and deep 
religious convictions, attending a 
local church regularly and leading 
a youth group there. She could not 
fathom that Goodwin had falsi- 
fied data; at one point, Allen 
refused even to examine another 
suspect grant application. But, 
concerned because Goodwin 
seemed to have admitted to some 
wrongdoing, Allen felt she needed 
to switch labs. 

Allen alerted Goodwin that she would 
likely be moving on. Their mentor then 
began offering additional explanations for 
the grant application, say Allen and the 
others. Goodwin told them that she had 
mixed up some files and asserted that the 
files had come to her unlabeled. Ina private 
conversation with Allen, she adamantly 
denied faking data. 

As November wore on, the lab’s atmos- 
phere grew ever more stressful and surreal. 
When Goodwin was present, she chatted with 
the students about their worm experiments 
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“I remember being 
overwhelmed and not being 
able to deal with it at 
that moment.” 

—Garett Padilla 


and their families—the same conversations 
they’d always had. 

Yet the strain was taking its toll. 
LaMartina’s appetite declined, and she began 
losing weight, shedding 15 pounds before the 
ordeal was over. Padilla called former post- 
doc Kuersten nearly weekly for advice, and 
the students talked obsessively with one 
another. Careful to maintain confidentiality, 
“the only people we could bounce ideas and 
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Gathering place. Most students in Madison hit the Union Terrace 
for fun and food, but the lab’s graduate students had weightier 
issues on their minds. 


solutions off of were each other,” says Padilla. 
The tension even penetrated Goodwin’s 
annual Christmas party. For the first time, 
several lab members didn’t show up. 

Deeply worried about how speaking 
with administrators might impact the more 
senior students, lab members chose not to 
alert the university unless the desire to do so 
was unanimous. Gradually all, including Ly 
and LaMartina, the most senior among 
them, agreed that their mentor’s denials left 
them uncomfortable and concerned that she 
might falsify data in the future. “My biggest 
worry was what if we didn’t turn her in ... 


and different grad students got stuck in our 
position,” says Allen. 

Two days before exams ended, on 
21 December, Ly and Padilla met together 
with Culbertson and showed him the suspect 
grant pages. Culbertson didn’t know what to 
think at first, he says, but “when somebody 
comes to me with something like that, I have 
to investigate.” 


A surprise resignation 

Culbertson quickly referred the matter to two 
university deans, who launched an informal 
inquiry to determine whether a more formal 
investigation was warranted. As is customary, 
Goodwin remained on staff at the university 
during this time. She vigorously denied the 
charges against her, telling Culbertson and 
the students in a joint meeting that the figures 
in question were placeholders she had forgot- 
ten to swap out. According to Padilla’s log of 
that meeting, Goodwin explained that she 
“was juggling too many commitments at 
once” when the proposal was submitted. 

Two biology professors ran the informal 
inquiry, conducting interviews with Goodwin 
and her students. One of the two, Irwin 
Goldman, was also a dean, and he became 
the students’ unofficial therapist and news 
source. At their first meeting in January, 
Goldman reassured the six that their salaries 
would continue uninterrupted. 

The informal inquiry wrapped up a few 
weeks later, endorsing a more formal investi- 
gation. Three university deans, including 
Goldman, appointed three faculty scientists 
to the task. 

At about this time, says Goldman, the uni- 
versity grew uneasy about possible fraud not 
only in the first grant application that the stu- 
dents had seen but also in two others that had 
garnered funding, from NIH and the U.S. 
Department of Agriculture. The school can- 
celed all three grants. After a panicky 2 weeks 
during which the lab went unfunded, Goldman 
drew on money from both the college of agri- 
cultural and life sciences and the medical 
school. (Goodwin had a joint appointment at 
the two.) The students peppered Goldman 
regularly with questions, seeking advice on 
whether to talk to a local reporter or how their 
funding might shake out. 

Still, because privacy rules prevented 
sharing the details, “we felt isolated up on our 
floor,” says Padilla. “There were faculty 
nearby, but they didn’t really know what was 
going on.” Goodwin, meanwhile, all but dis- 
appeared from the lab, appearing only once or 
twice after the investigation began. The stu- 
dents tried to keep up with their projects as 
they’d always done. They held lab meetings 
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alone before being invited to weekly gather- 
ings with geneticist Philip Anderson’s lab. 

Most faculty members were aware that an 
investigation had been launched, and some 
had heard that Goodwin’s students were the 
informers. That led to disheartening 
exchanges. A faculty member, asked by one 
of the students whether they'd done the right 
thing, told her he didn’t know. Rumors 
reached the students that Goodwin had had 
“to fake something because her students 
couldn’t produce enough data,” says Ly. 

In late February, Goodwin resigned. 
The students say they learned of her 
departure from a biologist who worked in 
a neighboring lab. 

Three months later, the university 
released its investigation report, which 
described “evidence of deliberate falsifica- 
tion” in the three applications for the can- 
celled grants, totaling $1.8 million in federal 
funds. In the school’s report, which univer- 
sity officials shared with Science, investiga- 
tors also raised questions about three pub- 
lished papers, in Nature Structural and 
Molecular Biology, Developmental Biology, 
and Molecular Cell. 

None has been retracted or corrected so 
far. “We are considering the implications” 
of the university report, said 
Lynne Herndon, presi- 
dent and CEO sti 
of Cell Press, wii 
which publishes 
Molecular Cell, 
in a statement. 
The editor of 
Nature Structural 
and Molecular 
Biology said she was 
awaiting the results 
of the ORI investiga- 
tion, and the other 
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Questioned. A University of 
Wisconsin investigation raised 
concerns about these three papers. 


authors of the Developmental 

Biology paper are reviewing the 
relevant data, says the journal’s 
editor in chief, Robb Krumlauf of the 
Stowers Institute for Medical Research in 
Kansas City, Missouri. 

The university investigators also noted 
other problems in the Goodwin lab. “It 
appears from the testimony of her graduate 
students that Dr. Goodwin’s mentoring of her 
graduate students included behaviors that 
could be considered scientific misconduct— 
namely, pressuring students to conceal 
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Seeking a new start. The possibility that her mentor had faked data left grad student Mary Allen determined 
to switch labs. 


research results that disagreed with desired 

outcomes and urging them to over-interpret 

data that the students themselves considered 

to be preliminary and weak,” they wrote in 

their report. 

Goodwin’s lawyer in Madison, Dean 

Strang, disputes the reliability of the 

school’s report. The investigation was 

“designed under the applicable UW 

rules to be an informal screening 

proceeding,” and, because 

Goodwin resigned, “there was 

no adjudicative proceeding 

at the adminis- 

trative level or 

~—T elsewhere,” 

Strang wrote in 

an e-mail mes- 

sage. He added 

that “there are no 

problems with the 

three published 

papers cited in 

the report (or any 

others).” Strang 

declined to address 

whether Goodwin 

pressed students to 

overinterpret data. “Dr. Goodwin will not 

respond at all to assertions of students in 
this forum,” he wrote. 


Uncertain future 

Culbertson distributed the investigating com- 
mittee’s report to all department faculty 
members; it even appeared on Madison’s 
evening news. Still, the rapprochement some 
of the students had hoped for never material- 


ized. “No one ever came up and said, ‘I’m 
sorry,” Padilla says. 

As the graduate students contemplated 
their futures this spring, they did have one 
point in their favor: Ironically enough, the 
sluggish pace of their projects meant that 
almost none had co-authored papers with 
Goodwin. But when several of them sat down 
with their thesis committees to assess their 
futures, the prognosis was grim. Only one stu- 
dent of the six, who did not reply to Science’s 
request for an interview, was permitted to con- 
tinue with her original project. She has moved 
to another Wisconsin lab and hopes to com- 
plete her Ph.D. within about a year, according 
to the others. 

Thesis committees and faculty members 
told Ly, LaMartina, and fourth-year Jacque 
Baca, 27, that much of their work from 
Goodwin’s lab was not usable and recom- 
mended that they start over with a new doctoral 
project. The reason wasn’t necessarily data 
fraud, the students say, but rather Goodwin’s 
relentless optimism that some now believe 
kept them clinging to questionable results. 
Allen, for example, says she sometimes argued 
but gave in to Goodwin’s suggestions that she 
stick with molecular data Allen considered of 
dubious quality or steer clear of performing 
studies that might guard against bias. Ly, on 
her third, floundering project, says, “I thought I 
was doing something wrong experimentally 
that I couldn’t repeat these things.” 

Despite her setback, Baca has chosen to 
stay at Wisconsin. “It’s kind of hard to say” 
how much time she’ll lose, says Baca, who 
notes that her thesis committee was support- 
ive in helping her find a new lab. 
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The other four—Ly, LaMartina, Padilla, and 
Allen—have scattered. Only Allen plans on fin- 
ishing her Ph.D. Determined to leave Wisconsin 
behind, she relocated in late March to the Uni- 
versity of Colorado, Boulder, where she hopes 
to start fresh. Members of her church, her hus- 
band, and her parents persuaded her to stay in 
science, which she adores, but she still wonders 
about the future. “We unintentionally suffer the 
consequences” of turning Goodwin in, Allen 
says, noting that it will now take her 8 or 9 years 
inall to finish graduate school. To her husband’s 
disappointment, their plans for having children 
have been deferred, as Allen always wanted to 
wait until she had completed her degree. 

For Padilla, the experience cemented the 
pull of the law. In late July, a month after his 
wedding, he and his wife moved to Minneapolis- 
St. Paul, Minnesota, not far from where 
Padilla grew up, because his wife’s adviser, 
the physiologist, had shifted his lab there. 
Padilla began law school in the city last week. 

LaMartina spent 2 months in a different 
Wisconsin genetics lab, laboring over a new 


worm project she’d recently started under 
Goodwin. That project, however, fell apart in 
June. She then spent 3 weeks in Seattle and 


“Sure it’s the right thing 
to do, but right for who?” 
—Sarah LaMartina 


Alaska with Kuersten. During the trip, 
LaMartina abandoned her Ph.D. plans, and in 
July, she left Wisconsin for Texas, joining 
Kuersten at Ambion as a lab technician. 

When Ly learned from her thesis com- 
mittee that her years in the Goodwin lab had 
come to naught, she left the program and, as 
a stopgap, joined a cancer lab as a techni- 
cian. “I decided that I had put my life on 
hold long enough,” Ly says. She intends to 
leave science altogether and is considering 
business school. 

For Goldman, the dean who supported the 
graduate students, the experience was bitter- 
sweet. Impressed by the students’ profession- 
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From Making a Killing to 


Saving a Species 


A retired financier turned philanthropist is making an unprecedented investment in 
conservation science to help save the big cats 


Thomas Kaplan was a long way from his usual 
Wall Street habitat. The wealthy financier 
spent 4 days last year tracking a 3-year-old 
leopard named Ngoye in the 
humid woodlands of northern 
KwaZulu-Natal Province in 
South Africa. Along with Luke 
Hunter, a wildlife biologist for 
the New York—based Wildlife 
Conservation Society (WCS), 
and Guy Balme, a graduate 
student at the University 
of KwaZulu-Natal, Durban, 
Kaplan was silently willing 
Ngoye to cross from private 
lands, which were off-limits to 
the trio, into the Phinda Game 
Reserve so they could replace 
her radio collar. Just as they 
were about to give up and head 
back to Cape Town, Ngoye 
finally entered the reserve. 
Balme quickly tranquilized 
her and replaced her collar. 


The trek turned out to be a pivotal expe- 
rience—and not just for the 43-year-old 
Kaplan, who was fulfilling a lifelong 


On the move. Biologist Alan Rabinowitz searches for tigers in Laos. 


alism and grace under trying circumstances, 
he came to believe strongly that science needs 
individuals like them. And although he 
admits that it’s “horrible” that so many of the 
students were told to start over, “I don’t see us 
changing our standards in terms of what a 
Ph.D. means,” he says. 

Still, Goldman does plan to craft formal 
policies for students who might encounter 
this situation in the future. The policies, he 
says, would guarantee that the university pro- 
tects students from retribution and that their 
funding remains secure. He hopes that codi- 
fying such safeguards will offer potential 
whistleblowers peace of mind. 

In a building with a lobby graced by a 
fountain shaped like DNA, the Goodwin lab 
now sits deserted on the second floor. Incuba- 
tors, pipettes, and empty plastic shoeboxes 
that once held worms litter its counters. Ly’s 
original fear months before, that something 
bad would happen to the lab, had proved more 
prescient than she had imagined. 

—JENNIFER COUZIN 


dream to study big cats. After he learned 
that Balme was struggling to find the 
money to complete his master’s degree, 
Kaplan wrote a $20,000 check to cover 
Balme’s expenses for 2 years. That philan- 
thropic act was just the start: Kaplan 
decided there and then to launch a grants 
program with WCS for graduate students 
working on cat conservation. So far, he has 
given $307,000 to 20 students at institu- 
tions all over the world, with a goal of 
spending $500,000 a year. Balme says he 
now plans to pursue a Ph.D. in zoology. 
Graduate students aren’t 
the only beneficiaries of 
Kaplan’s largess. Since his 
trek, Kaplan has pledged 
$13 million over 10 years for 
a variety of cat-related con- 
servation efforts, making him 
quite possibly the largest 
individual source of research 
support for such efforts 
around the world. Conser- 
vation scientists say that 
his long-term philanthropic 
commitment promises not 
only to give them more tools 
with which to save these mag- 
nificent beasts but also to 
nurture the next generation of 
conservationists. “I don’t 
think anyone else is in this 
bracket,” says conservation 
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biologist John Seidensticker of the 
Smithsonian Institution’s National Zoo in 
Washington, D.C. 


Cat lover 

Kaplan, who grew up in New York City, 
says books such as Jim Corbett’s The 
Man-Eating Leopard of Rudraprayag 
fueled his passion for big cats. By the age of 
11, he had tracked bobcats in Florida, 
sighted a panther, and searched for jaguars 
in the Amazon. “Their gait is self-assured, 
their bearing confident, their coats are bril- 
liant and practically glow with the richest 
hues,” he enthuses. 

Despite his interest in animals, Kaplan 
decided to make his mark in the financial 
world. After finishing a Ph.D. in history 
from Oxford University, Kaplan managed 
hedge funds before founding Apex Silver 
Mines in 1993. Helped by an investment 
from the Soros family, Apex became one of 
the world’s largest silver-mining compa- 
nies; Forbes magazine estimated that 
Kaplan’s 20% stake in the company was 
worth $70 million in 2000. In late 2004, 
Kaplan retired from Apex; since then, he 
has founded an energy company and 
another firm that explores for precious met- 
als around the world. 

However, those interests leave him 
plenty of time for philanthropy. He endowed 
The Lillian Jean Kaplan Renal Transplanta- 
tion Center at the University of Miami, 
Florida, after his mother died of kidney dis- 
ease in 2002 and helped set up a prize for 
research on the disease. 

Kaplan was introduced to modern conser- 
vation efforts through reading Jaguar, a book 
by WCS wildlife biologist Alan Rabinowitz 
about setting up the world’s first jaguar pre- 
serve in Belize. “I felt an immediate, indeed, 
filial, affection for the man and a knowing 
connection to the depth of his passion,” 
Kaplan says. “I resolved one day to help 
him fulfill his biggest ambitions in the way 
that he had unknowingly lived all of mine.” 

After leaving Apex, Kaplan called 
Rabinowitz, who suggested that Kaplan 
familiarize himself with WCS by visiting 
Hunter’s project in South Africa. “I’ve dealt 
with donors since 1978 ... I could tell he 
was real,” Rabinowitz says. “It’s very rare 
for someone to say big cats have been a 
lifelong passion.” 


Setting targets 

Experts warmly welcome Kaplan’s decision 
to continue supporting the work of students 
he has funded. Explains Seidensticker: “The 
problem for many graduate students is that 
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Radio contact. Tom Kaplan (left) helps Guy Balme change Ngoye’s radio collar after sedating the leopard 
inside the Phinda Game Reserve in South Africa. 


they get a degree, go back to their countries, 
and there are no support bases. They get 
drawn away from the field.” The 20 graduate 
students currently receiving funding are 
conducting research on wild cats in Africa, 
Asia, Central and South America, and else- 
where. Their projects include a conservation 
plan for the 15 remaining Armenian leop- 
ards and a study of how young cougars 
disperse through developed lands around 
Yellowstone National Park. 

The scholarships are funded through 
Panthera, a foundation Kaplan created 
that is also contributing $10 million (half 
of it from Michael Cline, a venture capi- 
talist in Greenwich, Connecticut) toward a 
conservation project in Asia called Tigers 
Forever. The project works with local gov- 
ernments and landowners to address con- 
servation issues and is modeled after 
Rabinowitz’s jaguar conservation program 
in Latin America. (In April, Rabinowitz 
helped persuade eight governments in the 
region to incorporate a jaguar corridor 
within the ongoing Mesoamerican Biolog- 
ical Corridor initiative, running from 
Mexico to Panama.) 
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The novelty of Tigers Forever, Rabinowitz 
says, is the setting of specific recovery tar- 
gets—an average 50% increase over 10 years 
across the nine sites at which WCS works. “It 
holds our feet to the fire and makes us more 
accountable than anything ever done in con- 
servation before,” Rabinowitz says. “That’s an 
extraordinary thing to do,” says Seidensticker. 

Two months ago, Kaplan finalized plans 
with WCS for Project Leonardo, which will 
evaluate the status of lions in Africa and plan 
for their conservation. Kaplan and WCS 
have each committed $750,000 over 3 years 
for the effort, named for Kaplan’s 4-year-old 
son, and he anticipates extending his com- 
mitment if the project meets its goals. 

This fall, he plans to start an annual 
$50,000 lifetime achievement award for big 
cat conservation, joined next year by a 
$25,000 young scientist award in the field. 
With other projects in mind, Kaplan expects 
his commitment to top $20 million within 
5 years. “I hope to collaborate with like- 
minded people who have passion for big 
cats,” he says. “I’m willing to put serious 
money to get this done.” 

—DIANE GARCIA AND ERIK STOKSTAD 


1 SEPTEMBER 2006 


1227 


Agilent 


QNUEL | EM Yi 


Open to anything 


The Agilent DNA Microarray Platform enables research 
on your own terms 


As a genomics researcher, you need tools that empower rather than impede. Whether 
you're searching for low-abundance gene expression targets, performing genome-wide 
scans on whole blood samples or adopting emerging applications such as oligo array 
CGH or ChIP-on-chip, you need a microarray platform that has the flexibility, sensitivity 
and genome coverage that your research requires. A platform that will keep your 


research moving forward, wherever it takes you. 


To hear from researchers who are charting their own course 


in Genomics visithwww.UpenGenomics.com 


————— 
s ef 
Le 


“e%e . . 
© Agilent Technologies, Inc. 2006 : “eee, ne Ag I lent Technolog ies 
— 8 


CREDITS (TOP TO BOTTOM): M. E. RUMPHO ET AL., PLANT PHYSIOLOGY 123 (MAY 2000); MICHAEL SCHROEDL 


ECOLOGY 


Plant Wannabes 


Sea slugs that take in chloroplasts or algae make the photosynthesizers feel 


right at home 


VIENNA, AUSTRIA—Some sea slugs have fig- 
ured out how to act like plants or at least like 
coral. Several species of these shell-less 
mollusks carry algae or chloroplasts in cells 
of their digestive glands. The slugs acquire 
the algae or the organelles from their diet and 
harvest the carbohydrates or lipids the 
chloroplasts produce by photosynthesis. 

Researchers have known for decades 
about these partnerships, but only through 
histological studies. Now, they are watch- 
ing them in action. In presentations here 
last month at the International Symbiosis 
Society Congress, two research teams 
described how they have brought sea slugs 
into the lab and begun to use the latest 
molecular techniques to reveal the secrets 
of the symbiotic relationships. 

They reported that algae and even naked 
chloroplasts can function for months inside a 
slug and that one sea slug species has 
acquired algal genes to help such a partner- 
ship thrive. The discoveries are “nice exam- 
ples of coevolution,” says Jérg Ott, a marine 
biologist at the University of Vienna. 

Ingo Burghardt, a zoologist at Ruhr Uni- 
versity in Bochum, Germany, has focused 
on Phyllodesmium, a sea slug genus with 
species that salvage algae from the soft 
corals they eat. Working with Heike Wagele 


Dietary supplements. The flowing branches of this 
sea slug house photosynthesizing algae (brown) 
taken from the soft coral it eats. 


of the University of Bonn, Burghardt has 
demonstrated that slugs hosting micro- 
scopic algae called zooanthellae can last 
without food for up to 260 days, thanks to 
contributions from the algae. The longevity 
of the zooanthellae—and the sea slug’s abil- 
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ity to withstand starvation— 
seems tied in part to 
the slug’s evolution 

of a complex midgut 
that houses the algae, 
Burghardt reported. 

To understand 
how sea slug—zoo- 
anthellae part- 
nerships arose, 
Burghardt has been 
working out the 
Phyllodesmium 
family tree by com- 
paring each species’ 
ribosomal DNA. At 
the same time, he has 
been examining the digestive 
systems of slugs within this group. 
He uses a fluorometer, which measures 
energy released in the form of fluorescence 
during photosynthetic reactions, to monitor 
the efficiency of photosynthetic activity when 
the slugs are given no access to food. 

So far, he’s found that various sea slug 
species differ in the complexity of their 
digestive gland, the size of dorsal 
appendages that contain these branches, and 
their ability to keep zooanthellae. When 
such features are overlaid onto the slug 
family tree, “you can 
see that species that 
have similar digestive- 
gland structures 
group together,” 
he said. Moreover, 
there is a correlation 
between a species’ 
success at keeping 
zooanthellae—and 
itself—alive and the 
degree of branching 
in its digestive gland. 
“Species with highly 
branched glands hold 
on to their zoo- 
anthellae a longer 
time,” he reported. 

The algae turn Phyllodesmium slugs the 
same color as the soft corals they eat, and 
Burghardt suspects that this camouflaging 
originally prompted the evolution of a rela- 
tionship between the two. Only later, he sur- 
mises, did the slugs evolve the ability to use 
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the zooanthellae’s photosynthesizing as a 
food source. And as it did, it made more room 
by adding on to its digestive glands. “What 
we see,” says Ott, “is an interplay between 
dependence on symbiosis and the develop- 
ment of special organs.” 

Mary Rumpho, a biochemist at the Uni- 
versity of Maine, Orono, and her colleagues 
have been studying an even more intriguing 
relationship: the sea slug Elysia 
chlorotica’s dependence on 
chloroplasts. They found that 
Elysia eggs hatch into free- 
floating larvae that harbor 


Leaves of the sea. This sea slug 
harvests chloroplasts from 
its seaweed meals and 
depends on them for some 
of its energy needs. 


no chloroplasts, but 
when University of 
Maine colleague Mary 
Tyler filmed juvenile 
sea slugs munching on 
their favorite seaweed, Vaucheria 
litorea, “we could literally watch the sea slug 
suck the chloroplasts out of the alga,” says 
Rumpho. The ability to harness chloroplasts 
is critical: If the juveniles don’t have access 
to this organelle, “they don’t make it,” 
Rumpho reported. Moreover, despite being 
removed from its normal algal home, 
the chloroplasts can continue to photo- 
synthesize within the sea slug for most of the 
animal’s 10-month life. “That’s pretty spec- 
tacular,” says Margaret McFall-Ngai of the 
University of Wisconsin, Madison. 

It’s perhaps not too surprising that sea 
slugs can house zooanthellae: These algae 
can survive on their own if they have to. 
But chloroplasts are dependent on proteins 
that are typically provided by the plant’s 
nuclear genome. Elysia, it turns out, has 
what it takes to make the slug-chloroplast 
partnership work. At the meeting, 
Rumpho’s graduate student Jared Worful 
described his discovery of large parts of 
two plant genes in the sea slug’s DNA. 
“When [the sea slug] takes in the chloro- 
plast, it has the machinery to keep the 
chloroplast active and happy,” says David 
Richardson, a lichenologist at Saint Mary’s 
University in Halifax, Canada. 

Because these genes are not normally 
found in animals, Rumpho is convinced they 
originally came from ingested algae. “We’re 
seeing the evolution of photosynthesis in an 
animal,” says Rumpho. 

—-ELIZABETH PENNISI 


1 SEPTEMBER 2006 


1229 


1230 


PLANT SCIENCE 


Auxin Beg 
Its Secrets 


Auxin controls the growth of plants and their interactio fe environment, 
but only now are’researchers understanding the basigs of this hormone 


Next time you bite into a deliciously juicy 
strawberry or tomato, thank the seeds. As a 
fruit forms, its seeds produce a plant hor- 
mone called auxin, prompting the fruit to 
grow and ripen. Without seeds—and without 
auxin—fruit stays shrunken on the stem. 

The wonders auxin works on strawber- 
ries and tomatoes are just the start. The hor- 
mone controls almost every aspect of plant 
growth, from putting down roots to deter- 
mining where to start a new stem or leaf. It 
allows plants to react to their environment, 
shaping the response to signals such as 
light, gravity, and even the presence of bac- 
teria. Auxin is so fundamental that one lead- 
ing researcher has called it the brains of the 
plant world. “I got in a fair amount of trou- 
ble for saying that” in a radio interview, 
Ottoline Leyser of the University of York in 
the United Kingdom ruefully admits, cau- 
tioning that the comparison can be taken too 
far. “But the useful analogy is that it’s an 
information-processing system.” 

Auxin has fascinated and puzzled plant 
scientists for more than 100 years. In 1880, 
Charles Darwin and his son Francis wrote 
in The Power of Movement in Plants about 
a substance that seemed to be produced at 
the tip of growing plant shoots, prompting 
them to bend toward light. It was one of the 
first scientific descriptions of the action of 
auxin. (There are several closely related 
hormones known collectively as auxin.) 
But it wasn’t until the 1930s that scientists 
identified the chemical structure of the 
most common plant auxin, indole-3-acetic 
acid (IAA). Since then, auxins and their 
synthetic cousins have been used to boost 
plant growth—and to kill weeds. Too much 
auxin is actually deadly to plants; the her- 
bicide 2,4-D is a synthetic auxin, and 
Agent Orange contains a combination of 
synthetic auxins. 


Several recent advances have helped 
give scientists a better picture of this mul- 
titalented hormone. They have finally 
identified the receptor that senses auxin’s 
presence, and the transport system that 
plants use to control levels of the hormone 
is becoming clearer. Researchers have also 
found clues to the fundamental mystery of 
how plants make auxin—still a surpris- 
ingly difficult question. They are even 
unearthing new roles for auxin in plants’ 
defenses against pathogens. 
To tackle such complexities, 
several groups are develop- 
ing computer models that can 
keep track of dozens of genes 
that control or respond to 
auxin in growing roots or 
new branches. 

All of this is helping to 
explain how a relatively sim- 
ple molecule such as auxin can 
perform such versatile tasks. 
“It’s a very general signaling 
system,” says Leyser. 


Target found 

Last year, scientists solved one 
of the biggest outstanding 
questions in plant biology 
when two groups reported that 
they had finally identified the 
auxin receptor 
2005, p. 1240). It turns out that 
the long-sought protein was 
hidden in plain sight. 

In papers published simul- 
taneously in Nature, Leyser and her col- 
leagues and Mark Estelle of Indiana Univer- 
sity, Bloomington, and his research group 
showed that auxin binds directly to a protein 
called TIR1. Scientists already knew that the 
hormone’s presence in plant cells triggers 


One way. Auxin transporters such 
as PIN2 (green) help determine 
which way the hormone flows in 
growing root tissues . 


Sweet effects. Auxin helps prompt the growth and 
maturation of strawberries and other fruits. 


TIR1 to bind to a class of proteins called 
Aux/IAA, which repress genes known to be 
triggered by auxin. But most people assumed 
that auxin turned on such genes by setting off 
a long signaling cascade, involving numer- 
ous proteins and feedback loops. 

In fact, the cascade is just a few steps: 
Auxin binds to TIR1, which is part of a 
molecular complex that attaches the cell’s 
garbage tag, ubiquitin, to proteins destined to 
be recycled. Auxin, by glomming onto TIR1, 
helps the complex ubiquitinate Aux/IAA 
proteins. When the Aux/IAA proteins are 
broken down, the genes they had repressed 
turn on. The find “has really simplified 
things,” Estelle says. Adds Leyser: “I’m just 
massively relieved that we have a signal- 
transduction pathway that starts at auxin 
and ends at gene expression, and that all the 
parts are there.” 

The find also triggered interest beyond 
the auxin field. TIR1 is one of roughly 
700 so-called F-box proteins already 
identified in plants and long suspected of 
playing a role in ubiquitination. The auxin 
connection suggests that similar small 
molecules in plants might 
join with these F-box pro- 
teins to direct the break- 
down of proteins, Estelle 
says. Animals, too, have 
hundreds of F-box proteins. 

A deeper look at the auxin- 
TIR1 interaction has turned 
up a surprise. Estelle and 
structural biologist Ning 
Zheng of the University of 
Washington, Seattle, have 
teamed up to solve the crystal 
structure of TIR1—both with 
and without auxin. Small 
molecules that interact with 
proteins such as TIR1 often 
change the shape of the target 
protein. But, as Estelle and 
Zheng have described at 
meetings this summer, TIR1 
keeps its shape when united 
with auxin. Auxin, Zheng 
says, appears to act as “a 
molecular glue,” helping 
TIR1 bind to the Aux/IAA 
proteins. Zheng, who works in a pharmacol- 
ogy department, says this discovery serves 
as a reminder for drug developers: Instead of 
just seeking molecules that disrupt binding, 
it might be useful to also search for those 
that encourage binding. 
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Transport streams 

Before auxin can interact with TIR1 to unleash 
gene activity, it needs to get to the right place in 
the right amount. A picture is gradually emerg- 
ing, says Leyser, of a system of checks and 
balances that provide stable yet flexible auxin 
signals for plant growth and development. A 
plant regulates auxin levels in its cells by 
manipulating auxin production, making use of 
specialized transporters that either allow auxin 
into a cell or pump it out, and adjusting how 
quickly cells break down the molecule. 

One key to this tight control of auxin is a 
family of proteins called PIN-FORMED or 
PINs, named for the pin-shaped, flowerless 
shoots grown by Arabidopsis mutants lack- 
ing the proteins. In May, Eva Zazimalova of 
the Institute of Experimental Botany in 
Prague, Czech Republic, and her colleagues 
confirmed suspicions that this growth defect 
was due to an auxin dysfunction. They 
showed that PIN proteins can transport the 
hormone between cells and that they are dis- 
tinct from a second group of well-known 
auxin transport proteins, called the PGPs 
(Science, 12 May, p. 914). In the same issue 
of Science, Jiri Friml of the University of 
Tubingen, Germany, and his colleagues 
report that the specific type and combination 
of different members of the PIN family, 
which localize to different sides of a plant 
cell, determine which direction auxin flows. 

Other clues about auxin are coming from 
computer models that can begin to weave 
together the effects of dozens of genes. Sev- 
eral groups, including Elliot Meyerowitz of 
the California Institute of Technology in 
Pasadena and his colleagues, have developed 
transgenic Arabidopsis plants in which the 
PIN genes, among others, glow green during 
plant growth. The scientists film the plants’ 
growth and use the digitized images to build 
models of the roles and reactions of key 
development genes in response to auxin. 
They can then use such a “virtual plant” to 
better understand how changing levels of the 
hormone affect different cells and tissues. 

Illustrating the complexity of the task, Gerd 
Jurgens and his colleagues at the University of 
Tiibingen have shown in several recent papers 
that, among other factors, specific combina- 
tions of the 29 different Aux/IAA proteins and 
22 so-called auxin response factors control a 
plant cell’s response to the hormone. 


A strategic defense 

Growing evidence suggests that RNA strands 
also play an important role in the auxin story. 
In April, for example, Jonathan Jones of the 
John Innes Centre in Norwich, U.K., and his 
colleagues revealed that RNAs appear to 
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dampen auxin signaling when a plant is 
infected with certain bacteria. Plants can 
sense the presence of bacterial flagella and 
turn various genes on and off in response. 
And Jones’s team showed that when a plant 
senses the bacteria, it ramps up production 
of certain microRNAs (miRNAs), short 
stretches of RNA that can interfere with the 
manufacture of specific proteins. They also 
showed that the miRNAs thwart the produc- 
tion of TIR1 and several related proteins. 
Why would a plant interrupt its own auxin 
response? Perhaps to control plant-dwelling 
bacteria that also make auxin, says Estelle. 
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plex. The hormone is so crucial to plant 
development that a nearly fail-safe system of 
backup production has evolved. If scientists 
try to knock out a gene that plays a role in the 
hormone’s synthesis, another is available to 
jump in and take its place, thus obscuring the 
initial gene’s importance. 

A recent paper in Genes and Develop- 
ment, however, may have broken the 
impasse. Yunde Zhao and his colleagues at 
the University of California, San Diego, 
showed that a family of genes named after a 
growth-defective Arabidopsis mutant called 
yucca seems to play a key role in producing 


Misdirected development. Unlike a normal Arabidopsis (left), plants lacking several genes involved in auxin 


synthesis have flowers that fail to form properly (right). 


Such bacteria, he speculates, use the hormone 
as part of their colonizing strategy. Extra 
auxin can trigger growth of new leaves, which 
might give the bacteria more living space. 
Indeed, says Estelle, there seems to be a sort 
of battle to control auxin between plant and 
pathogen. When the scientists disrupted the 
miRNA’s ability to work, plants more easily 
succumbed to bacterial infection (Science, 
21 April, p. 436). 

The microbe-induced response isn’t the 
first to implicate RNA interference in auxin 
signaling. Bonnie Bartel of Rice University 
in Houston, Texas, and her colleagues have 
found that miRNAs interfere with the expres- 
sion of several auxin-responsive genes. She 
predicts that such interactions may be a com- 
mon way plants regulate auxin’s powers. 
Plant miRNAs “seem to have an over- 
abundance of auxin-implicated genes in their 
repertoire of clearer control,” says Bartel. 

Although the regulation and effects of 
auxin are coming into focus, plant biologists 
have a somewhat embarrassing problem: 
They still do not know exactly how plants 
make the hormone. Researchers have worked 
out how bacteria produce auxin, but the tech- 
nique used by plants has remained a mystery 
because it’s not just complex but also multi- 


auxin during development. Although knock- 
ing out a single member of the gene family 
left the mustard plant’s growth unperturbed, 
knocking out three or four at once generated 
severely misshapen leaves and flowers. 
Adding auxin back through the stem didn’t 
rescue the plants, but by inserting a bacterial 
auxin-producing gene attached to a yucca 
promoter, the scientists produced nearly 
normal-looking plants. 

The paper “is a huge step forward” in 
understanding the specific genes involved in 
plant auxin production, Estelle says. But 
Jerry Cohen of the University of Minnesota, 
Twin Cities, cautions that the story is far from 
solved: “Nothing has gotten to the point that 
you can say, ‘This is how it’s made.’” 

As scientists sort out the pieces of how 
auxin is produced, moved, and blocked and 
broken down, it becomes clearer, says Leyser, 
that all the processes “interact and intertwine 
and interreact in horribly complicated feed- 
back mechanisms.” That makes any one part of 
the auxin system difficult to understand on its 
own. “It’s necessary to think about it as an inte- 
grated system,” she says. “It’s hard science. 
You have to be moderately obsessed to stick 
with it. But that’s also why it’s so exciting.” 

—GRETCHEN VOGEL 
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: LET THE FEAST BEGIN. Thanks to Khalid Shaukat, Muslims 
Py ONne@els _ in North America will no longer have to wait until the last 
moment to know when to begin Eid al-Fitr, the festival 

marking the end of the month-long Ramadan fast. 

The holiday starts the morning after a new moon (approximately 23 October 
this year), and for 1400 years, Muslims have used moon sightings to determine 
that date and others in the Islamic calendar. But that practice has sparked disputes 
and made precise planning impossible. So for the past 20 years, Shaukat, 63 and 
a research engineer at the U.S. Nuclear Regulatory Commission in Silver Spring, 
Maryland, has used astronomical calculations to predict the dates when it should 
be possible to sight the new moon after sundown from somewhere on the earth. 
Now, a committee of Islamic jurists has adopted Shaukat’s calculations as the 
basis for its calendar. Shaukat says he hopes “to make people understand that this 
is nothing new and is not against the jurisprudence of Qu’ran and Hadith.” 

Sayyid Syeed of the Islamic Society of North America thinks that the prophet 
Mohammed would have approved of this technical adjustment. “If it had been 
possible to do such exact calculations,” Syeed says, “the Prophet would have 
said, ‘You don’t have to look for the new moon—just calculate it.’” 
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TWO CULTURES 
ATOMIC VOICE. Nobelist Frank Wilczek of 
the Massachusetts Institute of Technology in 
Cambridge is a bonafide scientific star. But last 
week, the 55- year-old particle physicist expe- 
rienced the tremu- 
lousness of a novice 
as the hero of the 
opera Atom & Eve. 

Wilczek had 
initially agreed to 
play the piano in 
the opera, to be per- 
formed in Alpbach, 
Austria, as part 
of the 2006 
Alpbach Technology 
Conference. But instead of singing “some 
little ditty in the chorus,” Wilczek wound up 
cast in the title role. “I kind of got leveraged 
into it,” he laughs. 

The opera portrays the story of Atom, 
a young oxygen atom, and Eve, a beautiful 
young chemist. The lovelorn couple is sepa- 
rated by Eve's microscope and their massive 
size difference. Science brings them together 
in the endwith laser beams that make a 
“single gigantic atom” out of many atoms. 

Despite months of practice, Wilczek admit- 
ted that he was “a little anxious” about his 
25 August performance. Science went to press 
before any reviews were in. 


MISCONDUCT 

VERBATIM. Call it a Himalayan-sized case of 
plagiarism. After reading an article on ocular 
cancer in the December 2003 issue of the 


Indian Journal of Ophthalmology, retinal 
cell biologist Gail Seigel compared it to her 
2002 review paper in the Digital Journal of 
Ophthalmology. They were virtually identi- 
cal, right down to the opening quote from 
an early 20th century ophthalmologist and 
the images of ocular melanoma. 

“| was just in shock,” recalls Seigel, a 
professor at the Ross Eye Institute at the 
University of Buffalo in New York, who 
immediately notified the editors of both 
journals. In June, the Indian journal 
retracted the article, and its editor, Barun 


Movers >> 


A SECOND CHANCE. The disgraced stem cell 
scientist Woo Suk Hwang is back at work, but 
not on anything involving human embryonic 
stem cells. 

Hwang, who was fired from Seoul National 
University’s (SNU’s) Veterinary College in 
December 2005, is awaiting trial on fraud and 
embezzlement charges. On 19 August, the 
Science Ministry officially confirmed that 
Hwang has opened a private laboratory in 
Guro. According to his colleagues, the cloner 
and his team of 20-some scientists moved 


K. Nayak, wrote in the journal that the four 
authors of the article had been banned 
from appearing in the journal again 

“till further notice.” 

Three of them apologized to Seigel in an 
e-mail message, noting that the complaint 
“was a great surprise to us.” The fourth and 
primary author, Sunil Chaturvedi, could not 
be located by Science. All four are identified 
as working at the Himalayan Institute of 
Medical Sciences in Uttaranchal, India. 
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into their new laboratory in late July and are “just getting started.” The research team includes 
15 graduate students in addition to four research assistants who used to work with Hwang. 
The laboratory is part of the newly established Suam Bioengineering Research Institute, 
which is funded with $2.6 million from the Suam Scholarship Foundation. The institute's 
mission statement, presented to the Science Ministry, says Hwang and his team will study 
animal cloning, animal stem cells, research on production of animal organs, and biological 
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Other Nations Catching Up to United States 


CORPORATIONS AND NATIONS ARE IN A RACE TO MAKE THE NEXT MAJOR SCIENTIFIC BREAK- 
throughs that will transform society and enhance our everyday lives. As Intel’s lead technol- 
ogist who oversees research labs across the globe, I spend a lot of time looking over my 
shoulder, wondering who will move a new concept more quickly to the marketplace or cre- 
ate a breakthrough that will eclipse even our most ambitious research efforts. 

What I see in the rear view is a cause for concern and action. Unless steps are taken now, 
the advantage the United States enjoys could be over within the next 10 years. India and 
China have built first-rate higher education systems and are churning out 10 times the num- 
ber of engineers that we are in the United States. The Chinese government has created an 
entirely new degree program in software engineering, providing these new departments 
with bright young faculty members and new facilities. 

While enrollments in scientific and engineering disciplines swell in China and India, they 
are falling across the United States, and the quality of the students in the pipeline is declining 
as well. The most recent Nation’s Report Card for science found that 41% of 8th graders and 
46% of 12th graders performed below the basic level (/). The study revealed that although 
science achievement has improved for elementary school students over the last decade, it has 
remained flat for middle school 
students and declined among 
high schoolers. These results 
are similar to those of interna- 
tional studies (2). 

We need to move further and 
faster to strengthen science and 
mathematics education if we 
want the United States to con- 
tinue to lead the world in scien- 
tific breakthroughs and techni- 
cal innovations. 

As a junior high school student in the early 1960s, I had the opportunity as part of a special 
summer science program to visit the Hughes Research Laboratory in Malibu, California. 
There I saw the first ruby laser in development and was able to watch some of the finest sci- 
entists in the world growing the synthetic ruby that became the heart of the laser’s intense 
beam of light. The visit inspired me so much that a few years later, I took up the study of 
applied physics at Cornell. 

We need to develop programs that bring young students into our top laboratories to see 
researchers at work first-hand. There is nothing like experiencing scientific discovery to 
excite someone about a career in science and technology. 

We also must pay more for quality teachers who understand the research process and can 
use that knowledge to instill a deep interest in science and mathematics in their students. 

Finally, the time is long past for a new national mission in science and engineering to cap- 
ture the imagination of our youth the way the space program did following the launch of 
Sputnik. There is no doubt that we face challenges to our country that are every bit as great as 
those during the Cold War. Unfortunately, landing humans on Mars is not what we need and is 
only of interest to those inside the Beltway. Instead, energy independence and health care are 


“We need to move further and 
faster to strengthen science and 
mathematics education if we want 
the United States to continue to lead 
the world in scientific breakthroughs 
and technical innovations. ” 

—Rattner 
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prime examples of critical missions we must 
embrace at the national level. Where is our 
national leadership when the country needs a 
new mission that will ensure not only our 
security or health, but also our continued 
leadership in science and technology? 

JUSTIN RATTNER 


Chief technology officer, Intel Corporation, 2200 Mission 
Boulevard, Santa Clara, CA 95052, USA. 
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Why Academic Drug 
Discovery Makes Sense 


CONTRARY TO THE OPINIONS EXPRESSED BY 
J. Erickson in his Letter “Translation re- 
search and drug development” 
p. 997)] we strongly believe that investing in 
academic drug discovery makes good finan- 
cial and scientific sense. 

Erickson presents alarming data on the 
rising costs and dwindling efficiency of the 
industrial drug discovery process as a main 
impediment to academic drug discovery. We 
believe that these costs are largely associ- 
ated with failed paradigms (/) and with 
marketing costs hidden under the guise 
of pre- and postmarketing trials (2). More- 
over, because “big pharma” is solely profit- 
driven, there is no willingness to reinvigo- 
rate cheaper off-patent versions of approved 
medications for common diseases or to in- 
vent new drugs for the neglected diseases of 
developing-world countries (3). 

Indeed, because of these failed para- 
digms, big pharma is dependent on universi- 
ties and small biotechnology companies to 
fill the drug pipeline. NIH and several non- 
profit foundations (e.g., Stanley Foundation, 
High Q Foundation, and Gates Foundation) 
have made substantial resources available to 
move compounds along in the drug develop- 
ment process. 

What is missing at the academic level is a 
network of medicinal chemists who can 
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devote themselves to translating promising 
“hits” into lead compounds and, ultimately, 
into drug candidates. The Molecular Library 
Screening Centers Network (MLSCN) is 
currently generating large numbers of prom- 
ising hits (4), but without substantial opti- 
mization of drug leads, these hits will lie fal- 
low and the promise of the MLSCN to pro- 
vide novel small-molecule—based tools for 
medical research will remain unfulfilled. 
One way to bridge the gap between hits 
and drugs would be to develop National 
Medicinal Chemistry Resource Centers. 
Such centers would naturally feed the most 
promising drug candidates into the indus- 
trial drug discovery pipeline through appro- 
priate licensing agreements. In this way, 
NIH, academia, and industry could become 
partners in the ongoing quest for better treat- 
ments for diseases. 
ALAN P. KOZIKOWSKI,? BRYAN ROTH,” 
ALEXANDER TROPSHA? 
1Drug Discovery Program and Department of Medicina 


Chemistry and Pharmacognosy, University of Illinois at 
Chicago, 833 South Wood Street, Chicago, IL 60612, USA. 
E-mail:[kozikowa@uic.edul. *National Institute of Menta 
Health Psychoactive Drug Screening Program and 
Departments of Biochemistry, Psychiatry, Neurosciences, 
and Oncology, Case Western Reserve University Medica 
School, 2109 Adelbert Road, SOM W441, Cleveland, OH 
44106, USA. E-mail: [bryan.roth@case.edu} *Medicina 
Chemistry and Natural Products, University of North 
Carolina School of Pharmacy, Campus Box 7360, Beard 
Hall, Room 327A, Chapel Hill, NC 27599-7360, USA. 
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Propagation of Errors in 
Review Articles 


SCIENCE HAS DONE AN EXCELLENT JOB OF 
sensitizing us to issues of fabricated data. 
Nevertheless, there is a related issue that also 
deserves discussion: sham publication in the 
secondary literature. It is important because 
scientists rely on the authors of reviews to 
gather and analyze the unwieldy primary liter- 
ature. Inasmuch as the secondary literature is a 
major driver of science, propagation of errors 
in it should elicit concern. Often it doesn’t. 
The following example epitomizes the 
issue: An article in a recent issue of a chem- 
ical education journal (/) described a metal- 
carbene—initiated olefin metathesis reported 
in 1980 as the first example of its kind and a 
major breakthrough. Indeed, olefin metathe- 
sis is a significant chemical transformation, 
whose development was recognized by the 


latest Nobel Prize in Chemistry, but this 
experiment could not have been a major 
breakthrough because no such experiment 
has ever been published (2). This and other 
information in the article appears to have 
been taken from an earlier review, which, in 
turn, seemingly contained information from 
seven previous erroneous reviews by others 
(2), but cited as a source an article in which 
the experiment cannot be found. 

Frequent repetition can turn fictional 
breakthroughs into common lore. The one 
above is well on its way and, after its appear- 
ance as fact in a journal directed toward 
teachers, could move to textbooks and chem- 
istry courses. Corrections might lead readers 
to examine the original literature, but journals 
are sometimes reluctant to publicize mistakes 
(3). The fact is that science does not always 
self-correct; it has to be corrected. And for 
that to happen, the principles of accountabil- 
ity that apply to fabrication in experiments 
should apply to fabrication in reviews. 

THOMAS J. KATZ 
Department of Chemistry, Columbia University, New York, 


NY 10027, USA. E-mail:[tjkI@columbia.edu] 
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Role of Leucine in 
Regulating Food Intake 


IN THEIR RECENT REPORT “HYPOTHALAMIC 
mTOR signaling regulates food intake” (12 
D. Cota et al. detail the meta- 
bolic mechanisms controlling food intake 
and show that increased hypothalamic avail- 
ability of the branched-chain amino acid 
(BCAA) leucine acts as a potent signal that 
reduces food intake by promoting mTOR 
signaling in rats. Cota ef al. further suggest 
that low leucine levels in peripheral tissues 
may curtail protein synthesis while stimulat- 
ing food intake in the brain. 

Although very interesting, these experi- 
mental data appear to conflict with clinical 
data. The amino acid leucine has been used for 
decades to treat hepatic encephalopathy, to 
increase muscle protein synthesis, and to 
improve appetite (/). Although usually sup- 
plemented with the other BCAAs (valine and 
isoleucine), leucine typically accounts for 
about 50% of the given dose of BCAAs. 
When supplemented, leucine effectively com- 
petes with the neutral amino acids for crossing 
the blood-brain barrier, and its supplementa- 
tion in humans yields increased leucine brain 
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levels and reduced concentrations of the com- 
petitors. These changes in brain neurochem- 
istry are not associated with reduced food 
intake, but rather with enhanced appetite and 
protein synthesis. In cancer patients, BCAA 
supplementation that provides 7 g/day of 
leucine rapidly improves food intake (2) and 
enhances protein synthesis (3). Similar results 
are seen in malnourished uremic patients 
undergoing hemodialysis (4) and in patients 
with liver cirrhosis (5). We therefore believe 
that BCAA, particularly leucine supplementa- 
tion, remains a useful and clinically relevant 
tool to improve food intake and enhance pro- 
tein synthesis in patients suffering from 
chronic diseases, at least at the doses used in 
clinical trials. It remains to be ascertained 
whether higher leucine doses that have not 
been given in clinical trials would be per- 
ceived by the brain as toxic, thus prompting a 
reduction of food intake by means of 
increased mTOR signaling. 
ALESSANDRO LAVIANO,* MICHAEL M. MEGUID,? 
AKIO INUI,? FILIPPO ROSSI-FANELLI* 
1Department of Clinical Medicine, University La Sapienza, 
00185 Rome, Italy. 7Department of Surgery, SUNY Upstate 
Medical University, Syracuse, NY 13210, USA. 7Department 


of Behavioral Medicine, Kagoshima University, Kagoshima 
890-8544, Japan. 
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Response 

LAVIANO AND COLLEAGUES QUESTION WHETHER 
the mTOR system that we describe in the 
hypothalamus is sensitive to nutrient supple- 
mentation of the diet, and they cite examples 
in which leucine has supplemented the diet to 
encourage weight gain during pathological 
conditions. We used healthy rats of normal 
weight to investigate the physiological role 
of hypothalamic mTOR in the regulation of 
food intake. Thus, our model does not address 
the role that central nervous system (CNS) 
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mTOR may play in chronic diseases associ- 
ated with malnutrition and weight loss. 

The contradiction between evidence that 
supplemental leucine in the diet causes weight 
gain and our findings that CNS administration 
causes weight loss raises three key issues. 
First, there is a difference between adipose and 
lean tissue mass. The cited examples are clini- 
cal syndromes associated with substantial loss 
of muscle mass, and the supplementation is 
designed to promote muscle gain. Whether 
such manipulations increase appetite and inde- 
pendently increase adipose mass is less clear. 
Second, mTOR activity is regulated in numer- 
ous cell types in the periphery and is associated 
with numerous aspects of cellular function, 
including cell growth (/, 2). Consequently, it is 
not surprising that leucine supplementation 
increases peripheral mTOR activity and leads 
to an overall anabolic action. Indeed, mice 
deficient in the downstream target of mTOR, 
S6K1, are smaller overall than their wild-type 
controls (3). This is not the only example of a 
system that is anabolic in its peripheral action 
and catabolic in its CNS action. Insulin admin- 
istration in the periphery can produce rapid 
increases in adipose mass, given that available 
fuel is sequestered in adipose tissue (4, 5). Con- 
versely, CNS insulin administration reduces 
food intake and leads to adipose tissue deple- 
tion (6, 7). Third, although it is clear that 
branched-chain amino acids such as leucine 
can enter the CNS, the determinants of their 


levels in the specific circuits we describe is 
unclear. Furthermore, these amino acids are 
critical to the synthesis of a number of impor- 
tant neurotransmitters, and altering their rate 
of entry may complicate their effect on food 
intake and body weight. 

All three of these issues provide notable 
barriers to the rapid application of our find- 
ings to the treatment of obesity. Our work 
represents the initial steps of a lengthy 
process whereby fuel-sensitive pathways in 
neurons that contribute to the regulation of 
energy balance might be therapeutically 
exploited. Dietary changes may ultimately 
provide a way to manipulate these hypotha- 
lalmic circuits for therapeutic benefit, but 
much more work is necessary to identify 
specific means to do so. 

DANIELA COTA, KARINE PROULX, 
STEPHEN C. WOODS, RANDY J. SEELEY 


Department of Psychiatry, University of Cincinnati, 
Cincinnati, OH 45237, USA. 
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CORRECTIONS AND CLARIFICATIONS 


Reports: “Electric fields at the active site of an enzyme: direct comparison of experiment with theory” by I. T. Suydam et al. 
(14 July, p. 200). Due to a printer error, symbols were set incorrectly in the PDF and HTML online versions. The revised Report 


with corrected symbols was posted on 18 July 2006 and can be found at|www.sciencemag.org/cqi/content/full/3 13/5 784/200 


Reports: “Impaired control of IRES-mediated translation in X-linked dyskeratosis congenita” by A. Yoon et al. (12 May, 
p. 902). The third author's name was spelled incorrectly; it should be Yves Brandenburger. 


TECHNICAL COMMENT ABSTRACTS 


Comment on “A Well-Preserved Archaeopteryx Specimen with Theropod 
Features” 


lan J. Corfe and Richard J. Butler 


On the basis of new information from the tenth specimen of Archaeopteryx, Mayr et al. (Reports, 2 December 2005, 
p. 1483) suggested that birds, or avian flight, originated twice. We investigate the statistical support for this phylogenetic 
hypothesis and show that it is no better supported by available morphological character data than the hypothesis of a sin- 
gle avian origin. 


Full text atfmw.sciencemag.org/cgi/contentulU313/579 1238p] 


RESPONSE TO Comment ON “A Well-Preserved Archaeopteryx Specimen with 
Theropod Features” 


Gerald Mayr and D. Stefan Peters 


We agree that statistical support for our proposed phylogeny is weak, but the monophyly of Aves favored by most current 
researchers is also weakly supported. In the absence of unambiguous apomorphies of a clade including Archaeopteryx and 
Confuciusornis, but not deinonychosaurs, we do not believe that the statistical comparisons made by Corfe and Butler chal- 
lenge our hypothesis regarding the ancestry of birds. 


Full text at|www.sciencemag.org/cgi/content/full/3 13/5 791/1238c 
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Heating Up the Hotspot Debates 


Paul Tackley 


he theory of plate tectonics has been 
| extraordinarily successful in explain- 
ing the first-order be- 

havior of our planet’s rocky 
outer layer and the location of 
most volcanoes and earth- 
quakes—they occur at plate 
boundaries. Many volcanoes 
do not, however, fit this frame- 
work. Some of these are char- 
acterized as “hotspots” and 
commonly thought to be 
caused by hot, columnar 
plumes upwelling from deep 
within Earth’s 2900-km-thick 
rocky mantle, perhaps from its base where 
the mantle meets the liquid iron outer core. 
A plume impinging on a rapidly moving 
plate might explain long chains of volcanoes 
such as the Hawaiian-Emperor chain, a 
4000-km-long procession of seamounts and 
volcanoes that extends west and north from 
the Hawaiian Islands to the Aleutian Islands 
at the edge of the Pacific plate. Plumes that 
initially develop with a large, rounded head 
might explain flood basalts—immense, 
rapid outpourings of magma that have cov- 
ered large areas of continent or ocean floor 
and often exist at the start of hotspot tracks. 
The observed geochemical differences 
between magmas erupted at hotspots and 
those erupted at mid-ocean ridges could be 
explained by plumes sampling the deep 
mantle while midocean ridges sample the 
shallow mantle. 

Despite these apparent successes of 
plume theory, some are skeptical. Plates, 
Plumes, and Paradigms has been compiled 
and edited by geoscientists who believe that 
hotspots and flood basalts are not caused by 
plumes but have other, shallow causes. 
Although this view is at one end of the spec- 
trum, there has always been a debate even 
among plume advocates about which 
hotspots are caused by deep-seated plumes— 
for example, one recent survey identified 
only seven hotspots that originate from the 
deepest part of the mantle (/). The volume 
contains an interesting mixture of 47 peer- 
reviewed chapters, which range from 


Paradigms 


The reviewer is at the Institute of Geophysics, Swiss Federal 
Institute of Technology, ETH Hénggerberg, CH-8093 
Zirich, Switzerland. E-mail:|ptackley@ethz.ch 


Plates, Plumes, and 


Gillian R. Foulger, James H. 
Natland, Dean C. Presnall, 
and Don L. Anderson, Eds. 


Geological Society of 

America, Boulder, CO, 2005. 
893 pp. Paper, $180. ISBN 0- 
8137-2388-4. Special Paper 
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reviews and historical perspectives to pre- 
sentations of new scientific findings and 
cover a wide range of scien- 
tific subdisciplines including 
geology, petrology, geochem- 
istry, seismology, tectonics, 
geomagnetism, and planetary 
science. Even though this com- 
pendium is not intended to 
present a balanced debate on 
the merits of plume theory— 
there are no contributions 
from major plume propo- 
nents, and the majority of 
chapters focus on problems 
with the theory and favor alternative expla- 
nations—it includes several chapters that 
offer useful neutral surveys of findings from 
seismology and other fields and a few that 
argue in support of plumes. 

What is wrong with the idea that plumes 
cause hotspots and flood basalts? Several 
authors document ways in which, for some 
such features, inferences they make from 
observations are in conflict with a plume 
cause. Various chapters argue, for example, 
that the sources of some hotspot magmas 
were not hot (inferred from petrology or 
subsidence rates), the 1- to 4-km uplift 
expected should a buoyant plume head reach 
a plate is not observed for many 
flood basalts, there is a lack of a 
clear signal indicating enhanced 
heat flux, some hotspot chains 
show inconsistencies in the pro- 
gression of their ages, and there 
are some problems with spatial 
relations between hotspot chains 


and supposedly related flood t 

basalts. ie 
If plumes are not the answer, £5 / 

what is? Here the arguments pre- ‘= 


sented by the contributors some- 
times get awkward. Often a dif- 
ferent detailed explanation seems 
to be required for each case. Most 
proposals, however, fall under 
one or both of two themes: shal- 
low processes related to plates 
and a shallow mantle that is later- 
ally heterogeneous in both com- 
position and temperature. One 
frequent topic is the relationship 
of flood basalts or hotspots to 


REUNION 
AFAR 


preexisting plate structures such as cratons 
(the old, strong parts of continents) and 
oceanic fracture zones and to changes in 
plate motions (including extension, conti- 
nental breakups or collisions, and move- 
ments of triple junctions) or changes in plate 
stress. The volume contains arguments that, 
for example, hotspot chains may be caused 
by propagating cracks and flood basalts may 
be caused by tectonic events that trigger 
delamination of the lower part of the plate or 
by local convection driven by lateral varia- 
tions in plate thickness. Lateral variations in 
composition, such as enrichment in volatiles 
or subducted crust, could also lead to high 
melt production in localized areas. Some 
chapters invoke asteroid impacts. 

Such alternative explanations raise many 
issues that will need to be resolved before 
they become widely accepted. For example, 
the Pacific hotspots exhibit little relative 
motion as the plate moves over them. If they 
are caused by propagating cracks, why do all 
the cracks propagate at the same rate? Plate 
boundaries tend to be linear. Why then are 
flood basalts, and hotspots that occur at 
spreading centers, not linear, following the 
plate boundary? With some notable excep- 
tions (delamination, “edge-driven” convec- 
tion, impact volcanism), we currently lack 
quantitative modeling that demonstrates the 
feasibility of alternative mechanisms. 

In conclusion, despite its strong empha- 
sis on the skeptic side of the plume debate, 
Plates, Plumes, and Paradigms is a stimulat- 
ing and useful reference for observations 
and arguments. The volume contains several 
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Schematic summary. Anderson contrasts plume and “plate” (or 
“shallow”) models. 
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CREDIT: FIG. 1 FROM D. L. ANDERSON, IN PLATES, PLUMES, AND PARADIGMS, CHAP. 4 


CREDIT: FIG. 8 FROM INSET 1 ("DIVERGENT BOUNDARIES"), THIS DYNAMIC PLANET 


valuable contributions that plume propo- 
nents will need to pay attention to. Most 
geoscientists agree that plate structure does 
exert a major influence on volcanism (for 
example, all continental flood basalts occur 
at the edge of cratons). Determining the rel- 
ative importance of deep plumes versus 
plate dynamics in causing flood basalts and 
hotspots will not be straightforward. 
Resolving the issue will require much inter- 
disciplinary research, integrating observa- 
tional and theoretical constraints from geol- 
ogy, geophysics, geochemistry, petrology, 
and several other fields. Such future work 
may well demonstrate that the formation of 
hotspots requires a combination of both 
deep plumes and plate dynamics. 
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Charting Earth's 
Activities 


Peter Crowley 


aps have been a mainstay of geolo- 
Mess since at least the publication 

of William Smith’s geological map 
of England in 1815. Unfortunately, in recent 
years the paper map has almost disappeared; 
currently, most new maps are released 
instead as electronic databases. Although 
this development has produced a wealth of 
information for the specialist, it has made it 
harder to disseminate that information to the 
interested nonspecialist. 

Maps, such as Bruce Heezen and Marie 
Tharp’s shaded relief maps of the ocean 
floor (from the 1970s), have been instru- 
mental in conveying complex geological 
ideas to broad audiences. By clearly show- 
ing the complicated topography of the ocean 
floor, the Heezen and Tharp maps made 
plate tectonics seem real and changed the 
way that many viewed our planet. In many 
ways, This Dynamic Planet (like its earlier, 
1989 and 1994, versions) is an update of 
these now-classic maps. The front side of the 
sheet is dominated by the colored and 
shaded relief map of the world on which the 
locations of earthquakes, volcanoes, plate 
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boundaries, and impact craters 
are plotted. The 1:30 million 
map uses a variety of symbols 
to depict earthquake magni- 
tudes and focal depths, the 
size of impact craters, and the 
age of volcanic eruptions as 
well as absolute and relative 
plate motion vectors. The 
reverse side of the map pro- 
vides a heavily illustrated 
explanation of plate tectonics. 

Although the topography 
of the ocean floor on This 
Dynamic Planet is much less 
exaggerated than it was on 
the Heezen and Tharp maps, 
important features of the deep 
ocean such as trenches, frac- 
ture zones, and seamounts are 
distinctly depicted, as are the 
large-scale features of the 
continents. The overlay of plate 
boundaries, volcanoes, and 
earthquakes on the topography very clearly 
demonstrates the importance of plate 
boundary processes. The explanation of 
plate tectonics given on the back of the map 
(which occupies the spatial equivalent of 
approximately 25 printed pages) is beauti- 
fully illustrated and extraor- 
dinarily detailed. That detail 
proves to be both the strength 
and the weakness of the 
map’s reverse side. The quite 
complete but sometimes nu- 
anced explanations make for 
good reference material, but 
they may prove a hard read 
for anyone who is not already 
familiar with the basics of 
plate tectonics. 

For educators, the uses of 
this map are far from clear. J 
Although the map is large (1.5m 
by 1 m), it is nonetheless too 
small and detailed for use dur- 
ing lectures. The details that 
make the map so informative 
(e.g., plate boundaries and 
earthquake locations) become 
difficult to discern at distances 
greater than just a few meters. 
Thus educators may find the companion Web 
site|(www.minerals.si.edu/tdpmap/index. htm) 
very helpful. The Web site offers an interactive 
version of the map that allows the viewer to 
examine any or all of 18 different layers of 
information as well as PDF versions of the 
map and its explanatory text and figures. 
Images from the Web site could be projected 
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Topography of a fast-spreading ridge. Here on the East Pacific Rise, 
the Pacific and Nazca plates are separating at 146 mm/year. 


so that both the big picture and its details are 
evident to a class. 

Overall, the map is extremely useful, and 
my complaints are fairly minor. Divergent 
and transform plate boundaries are shown 
on the main map, but conver- 
gent boundaries are, for some 
reason, omitted. This is an 
unfortunate oversight, partic- 
ularly since they are depicted 
on the PDF version and are 
available as a layer on the 
interactive map. Even though 
the shallow ocean topography 
is more exaggerated than that 
of the deep ocean, details of 
continental margins such as 
submarine canyons remain 
hard to see. The Web site 
allows users to create a wide 
array of interesting and re- 
vealing maps and to save 
images of those maps. These 
images would be ideal for 
classroom projection if only 
the resolution was a bit higher. 

In an era when new maps 
are commonly released as 
geographic information systems databases, 
it is refreshing that a hard-copy version of 
the U.S. Geological Survey’s best-selling 
This Dynamic Planet has been updated and 
re-released. My copy is already up on the 
wall, where it will serve as a valuable refer- 
ence tool. 

10.1126/science.1132757 
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ENERGY 


A Road Map to U.S. Decarbonization 


Reuel Shinnar* and Francesco Citro 


mix comes from carbon-rich fossil 
fuels: oil, natural gas, and coal (/). 
With demand increasing worldwide, existing 
oil reserves could peak within 20 years (2), 
followed by natural gas and coal. Growing 
fuel use is increasing CO, and CH, emissions 
and the risk of global warming. The United 
States has responded by sponsoring research 
into alternative energy (3). However, because 
research success is 
not predictable, 
an effective plan 
must be based on 
proven technolo- 
gies. We propose to 
switch our economy slowly (over 30 to 50 or 
more years) to nonfossil energy sources by 
using proven technologies and available, 
expandable distribution systems. 


T oday, 85% of the United States’ energy 


Enhanced online at 
Www.sciencemag.org/cgi/ 
content/full/313/5791/1243 


Available Methods 

Because all available energy technologies have 
limitations (see table, above right), a compre- 
hensive plan should include several options: 

1. Concentrated solar thermal (CST) 
energy with storage, a proven technology 
for electricity generation (4), can provide 
variable energy, to compensate for fluctua- 
tions in demand, for a large fraction of U.S. 
energy needs. 

2. Nuclear energy. New and safer designs, 
not yet built on a commercial scale, merit con- 
struction. The implementation of a large 
nuclear capacity [1000 gigawatts (GW)] requires 
study regarding the long-range availability of 
nuclear fuel and the disposal of accumulated 
waste. Present nuclear plants are used for base 
power, only 40% of our electricity needs. 

3. Geothermal and hydroelectric plants. 
However, their total output is limited. 

4. Wind. The amount of uncontrollable 
electricity the grid can accept from this 
highly variable source is limited. 

5. Solar cells. Sunlight is available for 
only part of the day. Like wind power gener- 
ators, solar cells lack storage capacity. 
However, unlike CST, solar cells can be 
widely distributed. 
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Potential for fossil fuel replacement and CO, reduction 


Fossil fuel 


Fossil fuel use replaced (%) 


Replaced by electricity from alternative sources 


All coal for electricity 25 
All natural gas and petroleum for electricity 7 
All fossil fuels for residential and commercial 13 
65% of petroleum for transportation 20 
70% of natural gas used in industry if 


Replaced by syngas processes from biomass 
All petroleum + 30% of natural gas used in industry 14 
35% of petroleum for transportation 12 
Total 98 
[Source (4)] 


6. Biomass. The only renewable source 
of industrial petrochemical feedstocks and 
fuels for trucks and aviation that cannot be 
provided by electricity is biomass, but only 
a limited amount can be grown. Proven 
technologies for generating syngas by 
combining carbon oxides (from partial 
oxidation of biomass) with H, (from elec- 
trolysis) can currently generate three to 
four times the product yield obtainable by 
fermentation (5). 

A discussion of decarbonization should 
also include CO, sequestration, a technology 
available only for new coal power plants (6). 
This technology depletes valuable fossil fuel 
resources and is more expensive than CST 
and nuclear (4). It is doubtful that it will play 
a major role in the near to midterm future. 


Alternative Energy Sources 
The magnitude of our energy problem is 
illustrated in the figure (below); our plan is 
outlined in the table on{page 1244] Elec- 
tricity from alternative sources could replace 
all fossil fuel power plants and all residential 
and commercial uses with avail- 
able technology and distribution 
systems, as well as 70% of the 
natural gas used for industrial fur- 
naces, steam generation, and H, 
production (J, 7). S 254 
Of the gasoline used for pri- 
vate cars and light trucks, 80% 


5 204 

o 45-1 

be replaced by hybrid cl 

can be replaced by hybrid cars 5 
; a 6h 


POLICYEOR val 


Alternative energy sources could replace 70% 
of fossil fuels in America within 30 years at a 
cost of $200 billion per year. 


rent use of fossil fuels can be 
replaced by electricity from 
alternative sources and 26% 
by combined biomass and H,, 


CO, emissions 
reduction (%) 


33 whereas 2% cannot be re- 
6 placed at all. 
1 
a Concentrated Solar 
2 Thermal Energy 
9 CST technology utilizes solar 
12 collectors that concentrate solar 
97 rays on a heat-transfer fluid 


able to sustain high tempera- 

tures (>800°F) (4) and raise 
steam for driving turbines. This technol- 
ogy has been demonstrated in a 354-MW 
modular plant running in the Mojave 
Desert for the past 20 years (4). On rainy 
days, the steam power plant consumes fos- 
sil fuel, but it could use fuels made from 
biomass and H,. 

For CST, the collectors and storage 
(90% of the investment) are comparable to 
the fuel plant for a conventional steam 
power plant (10% of the investment). By 
doubling the capacity of the steam power 
plant, a solar plant designed for 1-kW 
capacity or 24 kW hours (kWh)/day con- 
tinuous production (base load) can supply 
2 kWh for 12 hours with only a 10% incre- 
mental investment or 4 kWh for 6 hours 
with a 30% incremental investment, by 
quadrupling the capacity of the steam 
plant. For coal or nuclear plants, the 
increase in investment is 100 and 300%, 
respectively. Investment and electricity 
costs for CST are given in the table 
[1244)]and compared with costs for nuclear 
and various versions of coal power (6, 9, 


mas US energy consumption (total 98.5 quadrillion Btu) 
CO, emissions (total 5772 million metric tons) 


with plug-in batteries (8), the 
cheapest way to reduce oil con- 
sumption. Railroads driven by 
electricity could probably assume 
50 to 60% of long-distance haul- 


ing. Therefore, 72% of the cur- [Source (1)] 
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U.S. energy sources and CO, consumption in 2003. U.S. 
energy consumption (total, 98.5 quadrillion Btu) (white bars) and 
CO, consumption (total 5772 million metric tons) (black bars). 
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Electricity costs for solar thermal compared with conventional energy sources 


Investment ($/kW installed) 


Solar thermal: near term (10) 4000* 
Solar thermal: future (10) 3220 
Conventional coal power plant (with scrubbers) (6) 1200 
Clean coal (6) 1550 
Clean coal (6) (with CO, sequestration) 2000 
Nuclear (9) 2200 


Cost (cents/kWh) 


Base Intermediate —_ Load following 

8.0t 8.0 10.4# 

6.2" 6.2 8.6% 

4.5% 8.0 5! 

biGe 10 Cannot supply it 
10-11 14-15 Cannot supply it 

6.08 10-11 Cannot supply it 


[Source (4)] *Explanation of estimate (4). ‘Operated 4900 hours/year. *A power plant designed to supply, for each kW installed, 12 kWh/day of 
variable electricity at instantaneous maximum rate of 4 kWh. ‘Operated 6500 hours/year. "Designed for the same load-following capability as in *. 


10). CST is not competitive yet with 
nuclear or coal for continuous production 
(base load). However, it is more flexible in 
adjusting to changing needs, potentially 
switching off in periods of low demand, 
such as at night (intermediate load). Power 
can be produced according to demand 
almost instantaneously (load following), 
which makes it cheaper than other sources 
of power. CST is cheaper than new coal 
power plants with CO, sequestration, even 
for base power. 

CST load-following capabilities enable 
it to be the anchor of an alternative energy 
grid that can compensate for the variable 
output of wind and solar cells. An area of 
the desert Southwest of 15,000 square 
miles is sufficient to supply 50% of our 
total present energy requirements (2). The 
transmission lines of the national grid 
would have to be 100% larger at a cost of 
about $250 billion to $300 billion (//). The 
cost of the local distribution lines, inde- 
pendent of the location of the power plants, 
would add another $850 billion to $1000 
billion (//). The nationwide power losses 
in transmission and distribution, with pres- 
ent technology, are less than 7% (J). 


Role of Biomass and H, 

Of the fossil fuels we currently use, 28% 
cannot be replaced by electricity but can be 
replaced by hydrocarbons produced from 
biomass in combination with H,. Efforts 
now focus on ethanol, but we prefer biomass 
from less—energy-intensive agriculture such 
as fast-growing trees, grass, and agricultural 
waste. Biomass is used to generate syngas to 
produce methanol or liquid hydrocarbons 
(12, 13). Available technologies can produce 
any fuel or petrochemical from these two 
ingredients. The syngas for these two 
processes can be made from H, and CO or 
CO,. H, can be generated on location by 
electrolysis using alternative electricity 
(14), and the O, coproduced can be used to 
partially oxidize the biomass. This method 
produces three to four times as many hydro- 


carbons as by fermentation to ethanol (5), 
which is an advantage as there are limits to 
the amount of biomass that can be grown. In 
our plan, biomass is converted on location in 
small plants, and the methanol produced is 
transported to a biorefinery or to existing 
petrochemical plants. Further investigation 
is needed to determine how much biomass 
can be produced and the optimal technolo- 
gies for its utilization. 

H, is not available in nature; energy is 
required to generate it. Were we to generate 
sufficient H, from natural gas to fuel our 
cars, we would double our natural gas con- 
sumption. To produce H, from alternative 
sources (by electrolysis) is an expensive 
process. As the direct use of electricity is 
cheaper by a factor of 3, our plan minimizes 
the use of H, to uses for which electricity 
cannot be substituted. We eliminate the 
problems of safety and transportation (/4) 
by generating H, on location and converting 
it on site in a controlled industrial environ- 
ment to conventional hydrocarbons. 


Conclusions 

Except for H,, all the technologies we con- 
sider could become competitive with crude 
oil at $70 per barrel. Our main objective, 
however, should be to implement the best 
technology for eliminating dependency on 
fossil fuels rather than to compete with coal 
or cheap oil. Investment in demonstration 
plants and in large-scale implementations 
will be required. 

Approximate cost estimates (4, 7) to 
replace 70% of our fossil fuel use (including 
most coal) are about $170 to $200 billion per 
year over 30 years. At current levels of CO, 
emission, a tax of $45 to $50 per ton of CO, 
would pay for the whole investment and pro- 
vide incentives for implementing renewable 
technologies (5). 

We must start now, as our country does 
not have the resources to complete this 
switch within a few years. The United States 
must create long-range incentives (such as a 
CO, tax or tax credits) large enough to 


induce companies and utilities to implement 
proven technologies and to provide the 
required infrastructure. A successful U.S. 
program can set an example for the rest of 
the world, as many of the key technologies 
are well suited to developing countries. 
Once the technologies are established on a 
large scale and are mass-produced, these 
costs should go down by a factor of 2, mak- 
ing them competitive and reducing the need 
for subsidies. The required increase in the 
electric distribution system poses problems, 
such as obtaining rights of way for new dis- 
tribution lines, that only the federal govern- 
ment can handle. There are political hurdles, 
but we believe they can be overcome. 


References and Notes 

1. Energy Information Administration (www.eia.doe.gov). 

2. National Research Council (NRC), Trends in Oil Supply 
and Demand, the Potential for Peaking of Conventional 
Oil Production, and Possible Mitigation Options: A 
Summary Report of the Workshop, Washington, DC, 20 
and 21 October 2005 (National Academies Press, 
Washington, DC, 2006). 

3. G.W. Bush, State of the Union address, 20 January 2003. 

4. R.Shinnar, F. Citro, “Solar thermal energy: The forgotten 
energy source,” presented at the American Institute of 
Chemical Engineers, annual meeting, Cincinnati, OH, 30 
October to 4 November 2005 (/EEE Technol. Soc., in press) 

5. Supplemental calculations are available as supporting 
material on Science Online. 

6. N. Holt, Gasification Process Selection—Trade-offs and 

Ironies [Electric Power Research Institute (EPRI), Palo 

Alto, CA, 2004] 

Papers/30HOLT_Paper.pdfp. 

7. R. Shinnar, F. Citro, “Decarbonization of the U.S. energy 

mix,” presented at the AAAS Annual Meeting, St. Louis, 
MO, 16 to 20 February 2006 
| film/docs/decarbonization-02-24-06.doc) updated at 

(www1.ccny.cuny.edu/ci/cleanfuels/publications.cfm 

8. S.C. Davis, S. W. Diegel, Transportation Energy Data 
Book (Oak Ridge National Laboratory, Oak Ridge, TN, 
prepared for the U.S. Department of Energy, Washing- 
ton, DC, ed. 25, 2006 
index.shtml) 

9. Projected Costs of Generating Electricity: Update for 
1998 (Nuclear Energy Agency, International Energy 


Agency, and Organization for Economic Cooperation and 
Development, Paris, 1998) (www.iea.org/textbase/nppdf/ 
free/1990/projected1998. pdf) 


10. Assessment of Parabolic Trough and Power Tower Solar 
Technology Cost and Performance Forecasts (Sargent & 
Lundy Consulting Group, Chicago, for the National 
Renewable Energy Laboratory, Golden, CO, 2003) 

11. Power Delivery System of the Future: A Preliminary 
Estimate of Costs and Benefits (EPRI, Palo Alto, CA, 2004). 

12. R. B. Anderson, The Fischer-Tropsch Synthesis (Academic 
Press, Orlando, FL, 1984). 

13. C.D. Chang, Hydrocarbons from Methanol (Marcel 
Dekker, New York, 1983). 

14. NRC and National Academy of Engineering, The 
Hydrogen Economy: Opportunities, Costs, Barriers, and 
R&D Need (National Academy Press, Washington, DC, 
2004)[an.nap.edurooks0309091632mhin0] 


15. The authors thank M. Green Shinnar for editing. 


Supporting Online Material 
www.sciencemag.org/cgi/content/tull/3 13/5 791/1243/DC1 


10.1126/science.1130338 


1 SEPTEMBER 2006 VOL313 SCIENCE 


CREDIT: K. SUTLIFF/SCIENCE 


MICROBIOLOGY 


Malaria’s Stealth Shuttle 


Alan F. Cowman and Stefan H. I. Kappe 


their hosts, suicide of infected cells is a 

prominent defense mechanism used by 
the host to protect against establishment of 
further infection. Not surprisingly, some patho- 
gens have evolved mechanisms to interfere 
with host cell death. Plasmodium parasites 
that cause malaria are among the most suc- 
cessful and deadly pathogens of vertebrates, 
yet the manipulation of molecular pathways 
responsible for host cell death has only 
recently emerged as part of their survival tool- 
box (/). On[page 1287 bf this issue, Sturm et 
al. (2) report a major twist to this story during 
the liver stage of malaria infection. Using 
Plasmodium berghei, a mouse model of 
malaria, they show that the liver-stage parasite 
keeps its host hepatocyte alive long enough to 
complete development but allows it to then 
commit an unusual form of suicide that helps 
the parasite evade host defenses and deposit 
new invasive forms into the bloodstream. 

Plasmodium parasites are transmitted to a 
host organism by the bite ofa female Anopheles 
mosquito. The sporozoite form rapidly invades 
liver hepatocytes (3, 4) and over a number of 
days, matures as a liver-stage parasite within a 
membrane-bound vacuolar compartment, 
shielded from the intracellular milieu of the 
host cell (see the figure). The liver-stage para- 
sites differentiate into many thousands of 
merozoites that, when released into the blood- 
stream, invade erythrocytes, initiating the 
blood-stage cycle that causes the pathophysi- 
ology of malaria. 

For liver-stage merozoites to access the 
bloodstream, they must leave their host cells 
and cross both an extracellular matrix-filled 
space and the endothelium of liver blood ves- 
sels (sinusoid). Merozoites also must avoid 
phagocytes in the liver, such as Kupffer cells 
and dendritic cells, which are eager to attack 
any foreign invader. Exactly how they over- 
come these hurdles for release into the blood- 
stream has been unknown. Using cultured 
hepatocytes and histological analysis of 
infected mouse livers, Sturm et al. show that 
late liver-stage parasites dissolve their sur- 
rounding vacuolar compartment, thereby gain- 


iE the arms race between pathogens and 
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ing access to the hepatocyte cytoplasm. 
Subsequently, the infected hepatocytes detach 
from the extracellular substrate and other cells. 
The authors also identify membrane-enclosed 
structures—merosomes—that are extruded 
from the infected cell. In cultured liver cells, 
merosomes clearly contained merozoites. 
Real-time intravital imaging of infected mice 
also revealed merosomes emerging from para- 
site-infected hepatocytes and entering the 
sinusoid lumen. The merosomes appear to act 
as shuttles, allowing safe passage of the para- 
site into the bloodstream. However, low resolu- 
tion of the live imaging did not allow the 
authors to demonstrate unequivocally the pres- 
ence of fully formed merozoites within mero- 
somes in vivo. Merosome-like structures 
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Membranous vesicles shuttle malaria parasites 
from liver to blood cells during infection, 
ensuring protection against the host's defenses. 


associated with apoptosis (6). However, other 
cysteine proteases appear to be involved. 
Inducing the death of a cell infected with a 
pathogen seems counterintuitive to providing 
an advantage for successful infection. In addi- 
tion to killing the parasite, apoptotic infected 
cells are also red flags for the immune system. 
Indeed, P berghei inhibits hepatocyte cell 
death during most of liver-stage development 
(1). A possible explanation for this twist was 
found by analyzing the amount of phos- 
phatidylserine in the plasma membrane of 
infected hepatocytes. In an apoptotic cell, the 
release of Ca?* from intracellular stores into 
the cytoplasm causes the amount of phos- 
phatidylserine in the outer leaflet of the plasma 
membrane to increase substantially. This phos- 


ian 
Cell death 


Red blood cell cycle 


Liver to blood transit. The malaria parasite rapidly grows in liver hepatocytes, producing thousands of 
merozoites that are competent to infect red blood cells. These liver-stage parasites inhibit hepatocyte cell 
death during most of their development. When ready to leave hepatocytes, the parasite induces cell death, 
and causes the release of merozoites in merosomes, thus avoiding host cell defense mechanisms. Merozoites 


eventually escape from merosomes and infect red blood cells. 


released into the sinusoids have also been 
reported recently in the related rodent malaria 
parasite Plasmodium yoelii by intravital imag- 
ing (5), indicating that these putative shuttles 
are not a species-specific feature. 

What is the benefit to the parasite in pack- 
aging liver-stage merozoites into merosomes 
for delivery to the bloodstream instead of 
releasing them individually or in one big burst? 
Sturm et al. determined that loss of hepatocyte 
adhesiveness is associated with host cell death. 
Although the observed cell death had the hall- 
marks of classic apoptosis, such as loss of 
mitochondrial membrane potential and mito- 
chondrial release of cytochrome c, host cell 
DNA was not characteristically fragmented. 
Cell death also occurred independent of cas- 
pases, proteolytic enzymes whose activity is 


phatidylserine serves as an attraction signal for 
phagocytic cells (7). Sturm ef al. show that 
phosphatidylserine is absent in the outer mem- 
brane leaflet of dying, infected hepatocytes, 
thus allowing the hepatocytes to avoid recogni- 
tion by phagocytic cells. Furthermore, the 
amount of Ca?* in infected hepatocytes is low, 
whereas in merozoites it is high, suggesting 
that the parasite may absorb released Ca?* and 
thereby suppress exposure of phosphatidylser- 
ine on the cell surface. Consistent with this 
finding, the Ca** ionophore ionomycin in- 
duced phosphatidylserine exposure in infected 
hepatocytes, and these cells were indeed more 
frequently phagocytosed compared to un- 
treated infected hepatocytes. 

Although the study by Sturm et al. provides 
some answers about the delivery of liver-stage 
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merozoites to the bloodstream, there are still 
many issues to be addressed. How do mero- 
somes, which are large and presumably not 
motile, pass through the extracellular matrix 
and sinusoid endothelium? How do merozoites 
burst out of the merosome once it reaches the 
bloodstream? How does a liver-stage parasite 
inhibit the death of the host cell for most of its 
life but then allow death to occur in a manner 


that guarantees merozoite progression to 
blood-stage infection? It is of great interest to 
determine the molecules and mechanisms that 
mediate these processes. This is particularly 
true for P falciparum, which causes the most 
severe form of malaria and most mortality in 
humans, because it may reveal potential 
avenues for the development of novel treat- 
ments that block the onset of disease. 
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CHEMISTRY 


Controlling Biological Functions 


Majed Chergui 


an biological functions, such as vision 

or photosynthesis, that are driven by 

incoherent phenomena have anything 
to do with quantum mechanics, where the 
wave properties of matter play a key role? The 
answer is yes, and onl page 1257lof this issue 
(1), Prokhorenko et al. show that biological 
processes can be manipulated by means of 
coherent control (2). 

Coherent control refers to experiments that 
make explicit use of the wavelike nature of 
matter to direct the behavior of atomic and 
molecular systems, often to alter the likeli- 
hood of a particular chemical reaction. An 
analogy with Young’s double-slit experiment 
is useful: Light passes through both slits at the 
same time and interferes with itself at a distant 
screen to produce dark and bright fringes. To 
achieve complex interference patterns, how- 
ever, one needs to control the number, widths, 
and positions of the slits. 

For a quantum mechanical object, one can 
arrange interference of several “paths” to cre- 
ate constructive interference that selects one 
state and destructive interference that blocks 
the others. This is achieved with a pulse of 
light whose spectral components are con- 
trolled in phase and amplitude. This is accom- 
plished by dispersing the different frequency 
components of the pulse spatially with a dif- 
fraction grating, manipulating their phase and 
amplitude with a spatial mask, and then 
recombining them to produce a short pulse of 
well-defined shape. Because adjustment of 
the relative phases of the components modi- 
fies the pulse temporal structure, coherent 
control can be seen in the time domain as con- 
trol over a quantum system through manipula- 


tion of the temporal structure of the laser field. 

The ideal pulse shape is not known a priori, 
however. In their experiment, Prokhorenko et 
al. used a well-established genetic algorithm 
inside a feedback loop (2) (see the figure). 
Successful control schemes have previously 
been demonstrated for specific molecular 
product channels and states in the gas phase. 
But most chemical and biological reactions 
and important physical processes occur in the 
condensed phase, where interactions of the 
system with the fluctuating environment may 
lead to the destruction of the coherence 
imparted to the system. 

Although coherent control has been 
demonstrated in a variety of condensed-phase 
systems, including proteins (3, 4), the work of 
Prokhorenko et al. on bacteriorhodopsin con- 
tains important novel aspects. First, in all pre- 
vious coherent control experiments, the 
shaped laser pulse suppressed unwanted path- 
ways and therefore merely acted as a filter. 
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Manipulation of the quantum properties of 
matter can influence the course of biochemical 
reactions. 


Examples where the desired target is reached 
with higher efficiency than with symmetri- 
cally shaped pulses are lacking, but Prok- 
horenko et al. were able to increase or 
decrease the absolute quantum yield of iso- 
merization of the 13-cis retinal isomer in bac- 
teriorhodopsin by as much as 20%, as com- 
pared to excitation with symmetric pulses. 
Second, they used intensities of the exciting 
light comparable to that of sunshine, relevant 
to photobiological processes. This is impor- 
tant for controlling the actual reaction coordi- 
nate rather than the excited-state population 
(4), and in interpreting the correlation of the 
shaped pulses to the molecular processes. And 
third, at the end of the optimization (or antiop- 
timization) control loop, their pulse shapes 
capture the underlying molecular dynamics 
driving the process, and show a selective 
coherent excitation of precisely those tor- 
sional modes responsible for isomerization. 
But why perform coherent control in bio- 
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In the loop. A feedback loop is used to control isomerization of bacteriorhodopsin. An initial laser control field 
is created with a pulse shaper (on the right) and is then applied to the protein sample. The action of the con- 
trol pulse, measured as the difference spectrum of the sample, is used by a learning algorithm to produce an 
improved field. Repeated excursions around the loop result in an optimum control. 
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logical systems, as these often already carry 
out their functions with unsurpassed selectiv- 
ity and efficiency? The work of Prokhorenko 
et al. goes beyond the specifics of biological 
systems: It shows that for a quantum system in 
a fluctuating bath, one can manipulate the 
outcome of the reaction by creating construc- 
tive or destructive interferences along the 
reaction coordinate. Their investigation of the 
phase dependence of isomerization is quite 
revealing of the coherent nature of their con- 
trol, and it is hoped that future studies will 
demonstrate the phase sensitivity of coherent 


control for molecules in liquids as well. 

Further work with these coherent tools 
may allow the exploration of systems consid- 
ered intractable on an ab initio quantum 
mechanical level. As such, coherent control 
experiments represent a new type of “‘active” 
spectroscopy for the investigation of dynam- 
ics in complex systems. Although any single 
experimental spectroscopic observation may 
unambiguously identify a local region in the 
dynamics, it would be useful to develop meth- 
ods where the genetic algorithm uses a 
“movie” of atomic motion obtained from 
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ultrafast imaging techniques, such as those 
achieved by x-ray methods (5, 6). 
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MATERIALS SCIENCE 


Step Dances on Silicon 


Peter W. Voorhees 


islocations are one-dimensional or 
D line imperfections in the structure ofa 

crystal that result from missing or 
irregularly positioned atoms. In addition to 
their central role in setting the mechanical 
properties of crystalline materials, nearly 
every textbook on crystal growth discusses 
their role in the motion of a crystal-vapor or 
crystal-liquid interface. In 1949, Frank postu- 
lated that a particular type of dislocation, 
called a screw dislocation, provides an unend- 
ing source of steps on a crystal surface (/). 
Because the core of the dislocation is fixed, as 
the atoms coming from the vapor or liquid 
attach to the step, the step winds around the 
core, producing a beautiful spiral-shaped step 
pattern on the surface of the crystal. On[page| 
of this issue, Hannon et al. (2) show that, 
whereas crystal growth via a screw disloca- 
tion intersecting one type of silicon surface 
[Si(111), where the indices denote the crystal- 
lographic plane that is exposed at the surface 
and hence the arrangement of the surface 
atoms] does exhibit the classic spiral pattern 
predicted by Burton, Cabrera, and Frank (3), 
far more complicated step motion occurs on a 
different silicon surface [Si(001)]. These com- 
plicated patterns clearly show that the text- 
book description of dislocation-mediated 
crystal growth requires modification. 

The difference in the atomic structure of 
the Si(111) and Si(001) surfaces is one of the 
causes of this behavior. To reduce the number 
of dangling surface bonds, the atoms on the 
Si(001) surface rebond to form dimer pairs in 
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which two surface atoms are 
connected by a single bond. 
These dimer pairs then align to 
form rows along the <110> 
directions of the crystal. As 
might be expected from this 
highly anisotropic atomic struc- 
ture, elastically straining the 
silicon crystal in a direction 
parallel to the dimer row leads 
to a different change in the 
energy of the surface compared 
to that when it is strained per- 
pendicular to the row. Another 
unique aspect of the Si(001) 
surface follows from the dia- 
mond crystal structure of sili- 
con. At a Si(001) surface, a step of size equal 
to the silicon lattice parameter, a double step, 
can dissociate into two single-height atomic 
steps (see the figure). Unlike double-height 
steps, the orientation of the dimer rows 
changes by 90° across the step. This change in 
orientation, when coupled with the manner in 
which the direction of the applied strain 
affects the surface energy, forms the basis of 
the novel step patterns observed during growth 
in the presence of dislocations. 

Only recently has it been possible to 
explore the structure and dynamics of crys- 
talline surfaces. Scanning tunneling micro- 
scopy (STM) studies of Si(001) surfaces have 
revealed the presence of dimer rows on the sur- 
face (4) and the anisotropy of the strain 
dependence of the surface energy (5). But the 
essence of the work of Hannon ef ai. lies in the 
dynamical behavior of the surface. To observe 
step motion at over 1000°C, they used 
low-energy electron microscopy (LEEM). 


A different kind of surface motion. An 
idealized Si(001) surface showing the two 
single-height atomic steps that emanate 


Atomic structures grow differently on different 
crystal surfaces of silicon. Low-energy electron 
microscope images now explain why. 


Although lacking the 
atomic resolution of 
STM, LEEM pro- 
vides a real-time pic- 
ture of the motion of 
steps on the surface. 
Others have used 
LEEM to identify pro- 
perties of steps on 
$i(001) such as the 
step mobility and the 
step energy (stiff- 
ness) (6). These past 


from the dislocation core and the dimer ¢Xperiments make the 
rows. Note that the orientation of the Si(001) surface one of 
dimer rows changes on crossing a step. the most fully charac- 

terized surfaces known 


and allows for the careful comparison between 
theory and experiment evident in the work of 
Hannon et al. 

Burton, Cabrera, and Frank (3) showed 
that the chemical potential of an atom at a step 
is the key to understanding what controls the 
step motion. When the step chemical potential 
is a function of the curvature of the step, dur- 
ing growth or sublimation the step obtains an 
Archimedean spiral shape as the step spins 
around the core of the dislocation. In the case 
of growth on Si(111) at the relatively high 
temperatures used in the experiment of 
Hannon et al., the chemical potential is, in 
fact, a function only of the curvature of the 
step and the difference in chemical potential 
of an atom on the surface and at the step, and 
thus such spiral shapes are observed. 

The absence of spiral-shaped step patterns 
on Si(001) indicates that an essential piece of 
physics is missing from the classical descrip- 
tion: the coupling of the chemical potential ofa 
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step to the elastic energy. In this case, the elas- 
tic energy is a result of the stain dependence of 
the (100) surface energy (surface stress) and 
the strain field induced on the surface by the 
presence of the dislocation. Because the dimer 
rows change orientation as a step is traversed, 
the surface energy on the upper side ofa step is 
different from that on the lower side. As a 
result, there is an elastic energy driving force 
for step motion. Because the strain due to a dis- 
location is a complicated function of position 
along the surface, the difference in surface 
energy across a step changes with the location 
of the step and the classic Archimedean spiral 
step pattern is not observed. The experiments 
are performed in a parameter range where the 
double-height step dissociates into two single- 
height atomic steps. Thus, the LEEM results 
show that these two single-height steps engage 
in a complicated dance as they rotate about the 
dislocation core. 


Although such a qualitative description 
captures the basic cause of the novel step pat- 
terns, the distinguishing aspect of this work is 
that all the parameters needed to make a com- 
parison between theory and experiment—such 
as step mobility, step stiffness, and anisotropy 
in the surface stress—are known. With these 
data and a numerical solution to the variation 
in the velocity of a step as a function of posi- 
tion along the surface, it is possible to confirm 
that the strain field of the dislocation and the 
surface structure of Si(001) are responsible for 
the observed novel step motion. 

This work shows that the dynamics of step 
motion on semiconductor surfaces still holds 
many surprises and that much remains to be 
discovered. For example, at lower tempera- 
tures step energies become more anisotropic. 
This would alter the step patterns and might 
affect the manner in which the steps move. 
Another extension of this work is to study step 


PERSPECTIVES 


motion under growth with different atomic 
species. For example, when germanium is 
deposited on silicon, the difference in lattice 
parameter between the two materials yields 
another source of stress. This stress would 
then couple to the stress generated by the dis- 
location and, potentially, alter the manner in 
which the steps move. Yet more complex step 
dances wait to be discovered. 
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Fluorous to the Core 


John A. Gladysz 


rich and based on saturated carbon 
(J)}—commonly separate from aqueous 
and organic phases. This “molecular xenopho- 
bia,” which is often reversible at elevated tem- 
peratures, is caused not by repulsive forces but 
rather by the much greater attractions between 
water molecules or organic molecules. 
Fluorous molecules have been widely used to 
separate products and catalysts or products and 
reagents, purify mixtures, and control reac- 
tions. Many fluorous microenvironments have 
been created, including micelles, vesicles, 
microbubbles, tubules, and hollow fibers (2), 
dendrimers (3, 4), nanoparticles (5), and mod- 
ified solid phases (6, 7). They have been 
exploited as contrast agents for ultrasound 
imaging, drug delivery, and oxygen transport. 
However, none of these assemblies feature 
the elegant design elements and the degree of 
molecular control that characterize the com- 
plexes reported by Sato et al. onl page 1273] of 
this issue (8). The authors use coordination- 
driven self-assembly to generate a polyca- 
tionic cage consisting of 12 palladium atoms 
and 24 bent pyridine-based linkers (see the 
figure). Attached to the concave side of 


F luorous molecules—which are fluorine- 
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the linkers are ponytails of the formula 
—OCH,CH,X, where X is a completely fluori- 
nated chain of six to nine saturated carbon 
atoms. These chains reside in the cage, creat- 
ing fluorous environments. 
Nuclear magnetic resonance 
(NMR) data support the pro- 
posed structures, which might 
be viewed as prototypes for 
“inverse dendrimers,” with 
branches in a converging region 
of space. 

Models suggest that if X 
is a six-carbon fluorinated 
chain, the chains do not com- 
pletely fill the cage, leaving 
a void space. The fluorous 
guest molecule perfluoro-n- 
octane can then be incorpo- 
rated in the cage from a sur- 
rounding dimethyl sulfoxide 
suspension. NMR data indi- 
cate that an average of 5.8 a 
molecules of perfluoro-n- 
octane can be accommodated. 
Single crystals of the inclu- 
sion complex can be grown. 
Synchroton x-ray studies of 
these crystals indicate a 
slightly oval geometry (4.9 
nm by 4.2 nm); the fluori- 


24 


Molecular cages with highly fluorinated cores 
can easily take up suitable guest molecules. 


nated segments are disordered, suggesting a 

fluidlike or “nano-droplet” environment. 
Other experiments support this host/guest 

model. For example, complexes with longer 


Guest 


molecule 


OCH,CH,X X= CF,CF,CF,CF,CF,CF, 
CF,CF,CF,CF,CF,CF,CF,CF, 
CF,CF,CF,CF,CF,CF,CF(CF,), 

-N OCH,CH,OCH,CH,OCH,CH,OCH, 


nonin 
niin 


Self-assembly and guest incorporation. Cages containing 12 posi- 
tively charged palladium atoms (yellow) are generated using banana- 
shaped linkers (dark blue) with fluorous or polyether substituents (red 
spheres). Void spaces in the core of the fluorinated cages allow the 
selective incorporation of fluorous molecules. Nonfluorous molecules 
such as hexafluorobenzene do not function as guests, but smaller gas 
molecules such as O, and CH, might have appreciable solubilities in 
fluorocarbons. The polyether cages reversibly bind metal ions. 
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fluorinated carbon chains should have less 
interior void space. When these are similarly 
treated with perfluoro-n-octane, fewer mole- 
cules are incorporated. For the nonfluorous 
hexafluorobenzene molecule, no host/guest 
complex can be detected. 

Thus, in contrast to the inaccessible interi- 
ors of large fullerenes, the cages reported by 
Sato et al. can readily take up suitable guests. 
It remains unclear, however, how the guests 
gain access. Dissociation of linkers from the 
cages would generate transient channels or 
pores, but this process is known to be slow. 
Hence, transport probably occurs through one 
of the existing large portals. 

The same research team has previously 
reported closely related complexes with other 
types of interior functionality (9). For exam- 
ple, when X is a polyether segment, the core of 
the cage complex features a dense array of 
oxygen donor atoms that should be able to 
bind metal ions. Indeed, when acetonitrile 
solutions of this complex were treated with 
sources of La** ions, about 20 ions were incor- 
porated. When dimethyl sulfoxide (which 
strongly solvates many metal cations) was 
added, the La** ions were extracted, demon- 
strating that the formation of host/guest com- 
plexes is reversible. 


How might such assemblies be exploited in 
future work? One major impetus for the indus- 
trial development of fluorous chemistry during 
the 1990s was the hope that fluorous media 
might be used in the selective oxidation of 
methane to methanol (/0). Small gaseous mol- 
ecules such as methane and oxygen are usually 
highly soluble in fluorous phases. Methanol, 
because of its much greater polarity, might 
be rapidly scavenged by a nonfluorous 
phase before further oxidation could occur. 
Reactions of such guest molecules with the 
fluorous cages reported by Sato et al. are there- 
fore of particular interest. The next logical step 
would be to immobilize a fluorous oxidation 
catalyst in the cage interior and treat the system 
with a mixture of methane and oxygen. 

The highly positively charged cages might 
also be attractive for anionic fluorous guests. 
Because of toxicity concerns and environ- 
mental persistence, several commercial fluo- 
rous carboxylates and sulfonates have been 
removed from the market in recent years (//, 
12). It is possible that they could be scavenged 
by the fluorous cages or by second-generation 
derivatives. 

The results reported by Sato etal. are likely 
to inspire many more ideas for applications. 
Given that such assemblies can be prepared 


from a variety of linkers, that guests can easily 
be incorporated, and that more voluminous 
analogs are likely to be available soon, this ini- 
tial study is certain to be followed by many 
exciting discoveries. 
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GEOCHEMISTRY 


The Hawatian-Emperor Bend: 
Older Than Expected 


Joann M. Stock 


ne of the most stunning features of the 

Pacific Ocean floor is the Emperor- 
Hawaiian volcanic seamount chain, 

which stretches for 6000 km from the vicinity 
of the Kamchatka peninsula to the modern vol- 
canic island of Hawaii, with a 60° kink in the 
middle (the “Hawaiian-Emperor Bend”). The 
seamounts and islands get progressively 
younger from north to south; the oldest mounts 
in the north were active ~80 million years ago, 
whereas Hawaii is still an active volcano today. 
This age progression has been attributed to 
the relative motion between the Pacific litho- 
spheric plate and a deeper source of the vol- 
canism (the Hawaiian hot spot source). 
However, it has been difficult to explain the 
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bend in the chain, because its age of 43 million 

years (/, 2) did not correspond to any known 
change in the motion of the Pacific plate with 

respect to adjacent plates (3, 4). Onfpage 1281] 
of this issue, Sharp and Clague (5) provide new 

dates for the volcanic rocks that push the age of 
the bend back to ~50 million years—a time 

when major plate motion changes occurred. 

The result has important implications for stud- 

ies of drift among hot spots, mantle flow fields, 

and the initiation of subduction. 

How could the age of these seamounts have 
been underestimated by so much? At any vol- 
cano, the youngest eruptive products overlie 
the older ones and are therefore most accessi- 
ble to seafloor sampling, coring, and dredging. 
Rocks that erupted during the major shield- 
building phase—the main phase of eruption of 
the volcano, during which it is centered over 
the hot spot source and 90 to 95% of the lavas 


The kink in the Hawaiian-Emperor seamount 
chain in the Pacific Ocean was initiated ~50 
million years ago, at a time when major plate 
motion changes occurred. 


are erupted—often can only be retrieved by 
drilling holes in the ocean floor. As more sam- 
pling has been done, the multimillion-year life 
span of the Hawaiian and Emperor volcanoes 
has become apparent (6, 7). Furthermore, age 
dating, paleomagnetic studies, and geochemi- 
cal studies have shown that many previously 
dated samples postdate the main shield-build- 
ing events at these volcanoes (5) (see the fig- 
ure). Improvements in isotopic dating tech- 
niques have allowed more precise dating of 
samples, and reevaluation of past results indi- 
cates that the ages of some samples reflected 
not the time of the original eruption but that of 
a later reheating event (5, 5). 

The Hawaiian-Emperor bend is the most 
widely cited example of a change in the 
velocity of a tectonic plate relative to an 
underlying volcanic source. The origin of 
the volcanism is controversial, but the erup- 
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tion source clearly has not been stationary 
with respect to Earth’s spin axis, because 
the latitude of the Emperor seamount erup- 
tions decreased with time until roughly the 
time of the Hawaiian-Emperor bend (9). 
Duncan and Keller (8) recently showed that 
the rate of propagation of volcanism along 
the Emperor section of the seamount chain 
varied considerably, first speeding up and 
then slowing down. Sharp and Clague now 
show that the change in orientation of the 
seamount chain was not abrupt: The change 
started 50 million years ago and took more 
than 8 million years to complete. 

The revision of the age of such a tectonic 
feature by 7 million years has far-reaching con- 
sequences. Studies of plate motions and mantle 
dynamics that assumed a younger age of the 
bend will have to be adjusted (10, 11). Plate 
reconstructions based only on marine magnetic 
anomalies from seafloor spreading centers are 
not affected, but the exact rates of relative hot 
spot drift calculated from these reconstructions 
(72) may have to be adjusted in light of the new 
ages assigned to the Hawaiian-Emperor 
volcanism. There will be better agreement 
between two different methods for determining 
the northward motion of the Pacific plate—one 
based on sedimentation patterns that show 
when locations on the Pacific plate crossed the 
equator (/3), the other based on the age pro- 
gression of the Hawaiian seamounts. 

The new ages for the Hawaiian-Emperor 
bend and seamount chain help to clarify the 
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Atypical ocean island volcano. These cross sections of an ocean island volcano such as a Hawaiian seamount 
illustrate the main stages of its evolution: preshield alkalic stage (A), main shield-building stage (B and C), 
postshield alkalic stage (D), and rejuvenated stage (E). The rocks most easily sampled or dredged on the 
volcano’s surface can be considerably younger than the major phase of volcanism that built the volcano. 


connections among mantle dynamics, Pacific 
plate motion, and major reorganizations of 
plate boundaries in the western Pacific 
Ocean. The Aleutian, Izu-Bonin-Marianas, 
and Tonga-Kermadec subduction zones, 
which all started between 55 and 45 million 
years ago, involved major changes in the 
geometry and forces at the boundaries of the 
Pacific plate (14, 15). None of these geomet- 
ric changes could have occurred unless there 
had already been a change in the relative 
velocity of the Pacific plate with respect to 
adjacent plates. The time lag between these 
changes and the occurrence of the Hawaiian- 
Emperor bend was a major conundrum; the 
problem has now been removed by Sharp and 
Clague. Their results will spur new efforts 
to model mantle dynamics and plate kine- 
matics through times of major changes in 
plate configuration, as well as additional 
data collection efforts. 

More details of the spatial variation in 
paleolatitude and in volcanic propagation rates 
for the Hawaiian-Emperor volcanic seamount 
chain remain to be identified, and the published 
age progressions of other volcanic seamount 
chains will need to be scrutinized. The results 
of Sharp and Clague highlight the key role 


played by ocean drilling on this and many other 
seamount chains. 
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BEHAVIOR 


The Power of Social Psychological 


Interventions 


Timothy D. Wilson 


Brief social psychological interventions that focus on people's perceptions of themselves and their 
environment have been shown to increase academic performance. 


ome readers will undoubtedly be sur- 
prised, or even incredulous, that a 15- 
min intervention can reduce the racial 
achievement gap by 40%. Yet this is precisely 
what Cohen et al. (/) report onlpage 1307lof 
this issue. African American seventh graders 
randomly assigned to write about their most 
important values achieved significantly better 
end-of-semester grades than students in a con- 
trol condition. How can this be? 
As the authors note, these results are not 
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unprecedented. Previous studies have found 
results of similar magnitude in samples of 
United States college students (see the table) 
(2-4). These studies share important features: 
Each drew on social psychological theories to 
change people’s self- and social perceptions 
(i.e., people’s explanations for their poor 
performance, their views of the malleability 
of their own intelligence, or their sense of 
social connectedness). Each did so with 
brief, inexpensive interventions. In each 
study, people in the treatment conditions 
achieved better grades than people in the 
control conditions. These increases were 
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modest, averaging .29 on a grade-point 
average (GPA) scale (where A = 4, B = 3, 
and so on; see the table). Nonetheless, these 
gains are impressive, given that grades were 
assessed from several weeks to several 
months after the interventions. 

The Cohen et al. study adds substantially 
to this earlier work. They used an intervention 
tailored to help African Americans, a group 
that has underperformed in American educa- 
tional settings (5). Students in the treatment 


Social psychological interventions 


Increase in GPA 
_ Students wrote about why a selected value was important to them 


Participants 
African American 7th graders (1) 
First year college students (2) 
College students (3) 


African American college students (4) 


Better grades. Brief theory-based interventions improved students’ grades [increases shown on a four-point grade point 


opposing forces exist in a delicate state of 
equilibrium, such that small interventions can 
set in motion processes that change the entire 
system. Altering people’s views of them- 
selves, or how they think others view them, 
can lead to cascading changes in motivation 
and performance. For example, students can 
be caught in a self-perpetuating “exacerba- 
tion cycle,” whereby poor academic perform- 
ance confirms their worst fears about them- 
selves, which increases their anxiety, which 


Intervention 


Information that grades improve after the first year 
Information that intelligence is malleable — 


Information that worries about social belonging lessen over time 


average (GPA) scale, relative to randomly assigned control groups]. 


condition spent 15 min writing about why 
certain values, such as relationships with 
other people, were important to them. Stu- 
dents in the control condition wrote about 
why specific values were important to other 
people. African American students in the 
treatment condition achieved better end-of- 
semester grades than did African American 
students in the control condition. These 
results are especially encouraging given how 
intractable a problem the racial achievement 
gap has appeared to be (6). 

The Cohen ef al. study and the others like 
it illustrate key social psychological points. It 
can be as important to change people’s “con- 
struals”—their interpretations of the social 
world and their place in it—as it is to change 
the objective environment. In none of the 
studies, for example, was there an effort to 
change the quality of the instruction students 
received, the clarity of the texts they read, or 
any other objective feature of the educational 
environment. Instead, the researchers at- 
tempted to change students’ construals of 
themselves or how other people viewed them, 
with promising results. The objective envi- 
ronment is obviously important as well; as 
Cohen et al. note, the success of their inter- 
vention depended on students being in a sup- 
portive environment. How people perceive 
that environment, however, can be key to 
bringing about lasting change. 

Brief theory-based interventions that 
focus on people’s construals can reap large 
benefits. Kurt Lewin, the founder of modern 
social psychology, noted that many behav- 
ioral patterns are the result of a complex inter- 
play of opposing social forces, resulting in a 
“tension system” (7, 8). Sometimes these 


hampers their subsequent performance, 
which further confirms their worst fears, and 
so on (9, 10). Giving people nonpejorative 
explanations for poor performance (e.g., 
everyone has to “learn the ropes” at college) 
can interrupt this cycle and prevent its spiral- 
ing consequences (2, //). 

The success of such interventions— 
indeed, of any intervention—is best tested 
with experimental designs in which people 
are randomly assigned to treatment and con- 
trol conditions. As obvious as this point is in 
some settings (e.g., tests of medical treat- 
ments), it is not fully appreciated in others 
(e.g., educational settings, in which new pro- 
grams are frequently implemented without 
being evaluated experimentally) (/2). There 
are a number of reasons for this, such as peo- 
ple’s reliance on common sense to judge the 
effectiveness of interventions in familiar 
domains (e.g., the classroom). A lesson of the 
studies reviewed here is that common sense is 
sometimes wrong. Without the experimental 
results presented by Cohen et al., who would 
have thought that a 15-min exercise would 
have had such long-lasting effects? 

Social psychological theories, based on 
carefully conducted laboratory experiments, 
generate (often nonobvious) predictions 
about human behavior. Dozens of experi- 
ments, conducted primarily with college 
students in laboratory settings, have docu- 
mented the damaging effects that stereo- 
types about one’s group can have on individ- 
uals’ performance (known as stereotype 
threat), as well as relatively simple ways of 
avoiding this damage (/3—/5). The Cohen et 
al. intervention follows directly from this 
basic research. 


The fact that small, theory-based inter- 
ventions can have large effects should not be 
taken as a criticism of large-scale attempts at 
social change. As important as people’s con- 
struals of their environment are, often the 
environment itself needs changing. The 
achievement gap is surely caused by multiple 
factors, including poverty, racism, and lack of 
parental involvement (6). Findings such as 
Cohen ef al.’s should not divert our attention 
from these critical problems. By the same 
token, the fact that large-scale 
societal factors need changing 
should not prevent us from seek- 


0.30 ing proximate solutions that are 

0.27 easy to implement. 

om There are, of course, limita- 
= tions to the findings from these 

0.34 


studies, as well as many unan- 
swered questions. It is not clear 
why students in the Cohen ef al. 
sample failed to self-affirm on 
their own. Why did it take an in-class essay 
to focus students’ attention on values that 
were important to them? Issues of generaliz- 
ability also arise, such as whether the 
self-affirmation exercise would work with 
younger age groups. These questions can be 
answered only with additional experiments, 
ideally ones as well conducted as the Cohen 
et al, studies. 
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Legal Notice 


UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


MOLECULAR DIAGNOSTICS 
LABORATORIES, 
Plaintiff, 

V. : 
HOFFMANN-LA ROCHE INC., : Civil Action No. 
ROCHE MOLECULAR SYSTEMS, _: 
INC., ROCHE DIAGNOSTICS : 1:04CV01649 (HHK) 
CORPORATION, PE CORPORATION, : 

PE BIOSYSTEMS GROUP, : CLASS ACTION 
THE PERKIN-ELMER : 
CORPORATION, PE APPLIED 
BIOSYSTEMS, and APPLERA 
CORPORATION, 

Defendants. 


TO: ALL PERSONS OR’ ENTITIES WHO 
PURCHASED CERTAIN TAQ PRODUCTS 
DIRECTLY FROM DEFENDANTS DURING THE 
PERIOD OF SEPTEMBER 23, 2000 TO THE 
PRESENT. 


YOU ARE HEREBY NOTIFIED, pursuant to an Order of 
the United States District Court for the District of Columbia, 
that a class of purchasers of certain Taq products has been 
certified by the Court, pursuant to an Order of the Court dated 
July 5, 2006. 


The Class is defined as: 


All persons or entities who purchased certain Jag products 
directly from Defendants during the period of September 
23, 2000 to the present. Excluded from the class are 
Defendants, their officers, directors, management, 
employees, subsidiaries, or affiliates, and the federal 
government. 


Your rights may be affected by this litigation if you directly 
purchased the Jaq products at issue from a defendant from 
September 23, 2000 to the present. For a list of the Taq products 
at issue, please refer to 


If you have not received a printed Notice of Class Certification 
(“Notice”), you may obtain a copy by writing to Taq Antitrust 
Litigation c/o Complete Claim Solutions, LLC, P.O. Box 24652, 
West Palm Beach, Florida 33416, by calling the Claims 
Administrator’s Taq Hotline at 1-877-884-5903, or by accessing 
those documents a{www.compTetecTaimsoTutions.com/ag/| The 
Notice contains further information regarding the rights of Class 
Members. 


PLEASE DO NOT CONTACT THE COURT OR THE 
CLERK’S OFFICE REGARDING THIS NOTICE. 

Dated: August 4, 2006 Henry H. Kennedy 
United States District Judge 
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Microarthropods Mediate Sperm 


Transfer in Mosses 


Nils Cronberg,?* Rayna Natcheva,*? Katarina Hedlund? 


he algal ancestors to all land plants were 
fertilized by sperm, which could freely 
swim between male and female structures 
in the aquatic environment. Some extant land 
plants, such as ferns, lycopods, horsetails, and 
bryophytes (mosses, liverworts, and hornworts), 
are still fertilized by sperm, whereas gymno- 
sperms and angiosperms are fertilized by pollen, 
which is drought resistant and dispersed by wind 
or animals. Sperm are usually considered ineffi- 
cient and poorly adapted to terrestrial conditions 
because of their dependency on a continuous 
water layer for dispersal. 

We designed a greenhouse experiment to test 
whether springtails or mites could mediate fertil- 
ization between spatially separated male and fe- 
male mosses. Patches of male and female plants 
of a cosmopolitan unisexual moss (Bryum ar- 
genteum Hedwig) were positioned at three differ- 
ent distances, 0 cm (i.e., united), 2 cm, and 4 cm 
apart, in separate transparent plastic vials (Fig. 
1A). A bottom layer of water-absorbing plaster 
of Paris served as a physical barrier for sperm. 
This design was replicated (n = 7) for three 
different treatments: (i) with actively moving 
springtails (Isotoma caerulea Bourlet), (ii) with 


slower moving oribatid mites [Scutovertex 
minutus (C. L. Koch) and S. sculptus Michael], 
and (iii) without animals. Successful fertilization 
was expected to result in production of spo- 
rophytes physically attached to the mother shoots. 

After 3 months, abundant sporophytes were 
found in vials in which male and female patches 
were united, where sperm could swim freely 
(Fig. 1B). No fertilization was observed in the 
treatment without animals and where the sexes 
were kept apart at 2 and 4 cm, confirming that 
sperm were unable to disperse on their own. Nu- 
merous sporophytes were produced when ani- 
mals were present and when moss patches were 
spatially separated, demonstrating that both 
springtails and mites were capable of transporting 
sperm across both distances. The means of this 
transport is an open question, but presumably the 
sperm adhere to arthropod cuticle somehow. The 
results also confirm that distances of sperm trans- 
fer between mosses are related to the mobility 
of the animals, because the test with the more- 
mobile springtails gave a higher fertilization 
success at a greater distance. 

These observations raise the question of 
whether animal-mediated fertilization results 
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Fig. 1. Fertilization of moss shoots by mites and springtails. (A) Vials with male and female moss 
patches united or separated by 2 and 4 cm. (B) Sporophyte production in female moss patches in 
presence versus absence of springtails or mites. Fertilization was achieved when patches of different 
sexes were united and, when spatially separated, exclusively in the presence of animals. Each bar 
represents the mean number of sporophytes in seven replicates (error bars represent one standard 
error). (C) Preference experiment (two-choice test) in which mites and springtails were allowed to choose 
between fertile and sterile moss shoots. Percentages represent the proportion of 30 replicates in which 
animals were present on the moss shoots. Bars show the numbers of animals present on fertile or sterile 
shoots. Significance levels of G tests are also given. 
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from passive random movements or active visits 
to fertile structures, similar to visits of pollinators 
to flowers. To test this, we conducted a series of 
preference experiments. In separate sets of vials, 
we allowed animals to choose between male fer- 
tile versus sterile shoots, between female fertile 


versus sterile shoots, and also between fertile 
shoots of both genders. Both springtails and 
mites preferred fertile to sterile shoots (Fig. 1C). 
We do not know the reason for the attraction, but 
it may be because fertile shoots are a source of 
food, because they not only secrete sucrose (/) 
but also starch, fatty acids, and mucilage (2-4). 

Our results suggest that a mutualistic rela- 
tionship exists between bryophytes and micro- 
arthropods. About 50% of moss species are 
unisexual, having male and female structures on 
different individuals, which means that fertiliza- 
tion success is distance-dependent and often 
limited by the availability of mates. When water 
is scarce and a continuous water film is lacking, 
animal-mediated sperm transfer seems to be the 
only possible mode of fertilization, even in bi- 
sexual and potentially self-compatible species. 

The origin of animal-mediated fertilization 
has been assumed to involve angiosperms and 
insects (insect pollination), although angiosperms 
first emerged during the early Cretaceous (circa 
140 million years ago), and some of the insect 
groups involved in pollination appear to have 
radiated well before this period (5). It is hypoth- 
esized that insect pollination started as pollinivory 
(pollen consumption) and then evolved toward 
more-complex mutualistic relationships (6). Mosses, 
springtails, and mites are extant representatives of 
taxa that originated after the early phase of land 
colonization (circa 440 to 470 million years ago). 
Animal-mediated fertilization in mosses therefore 
potentially antedates similar syndromes in other 
plant groups. 
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Coherent Control of Retinal 
Isomerization in Bacteriorhodopsin 
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Optical control of the primary step of photoisomerization of the retinal molecule in 
bacteriorhodopsin from the all-trans to the 13-cis state was demonstrated under weak field 
conditions (where only 1 of 300 retinal molecules absorbs a photon during the excitation cycle) 
that are relevant to understanding biological processes. By modulating the phases and amplitudes 
of the spectral components in the photoexcitation pulse, we showed that the absolute quantity 
of 13-cis retinal formed upon excitation can be enhanced or suppressed by +20% of the yield 
observed using a short transform-limited pulse having the same actinic energy. The shaped pulses 
were shown to be phase-sensitive at intensities too low to access different higher electronic 
states, and so these pulses apparently steer the isomerization through constructive and destructive 
interference effects, a mechanism supported by observed signatures of vibrational coherence. These 
results show that the wave properties of matter can be observed and even manipulated in a 


system as large and complex as a protein. 


uantum mechanics dictates that all mat- 
ter has an inherent wave property. On a 
molecular scale, this property can lead to 
destructive and constructive interfer- 
ences that have a pronounced effect on transmis- 
sion probabilities along reaction coordinates. 
Modern spectroscopic techniques have afforded 
direct evidence of such interferences and even 
exploited interference of the underlying wave 
properties to steer chemical reactions one way or 
another (/). For the most part, however, these stu- 
dies have focused on small molecules and ions. In 
a protein, random fluctuations among the enor- 
mous number of degrees of freedom might be 
expected to cancel any interference effects. At the 
same time, proteins are highly evolved structures, 
and the question arises whether the phases of the 
underlying matter waves could play a role or even 
be manipulated in directing biological processes. 
This question can be addressed by determining the 
degree of conserved phase relationships, or quan- 
tum coherence, involved in a chemical process 
occurring within the confines of the protein 
environment. Experimental tests for coherence, as 
for any wave phenomena, must be able to demon- 
strate the creation of both constructive and destruc- 
tive interference pathways, a process termed 
coherent control for molecular systems (/, 2). 
Tests of quantum coherence are most readily 
accomplished for photoactive processes in which 
short, specifically shaped excitation pulses can be 
used to manipulate the process on a time scale 
faster than random thermal motions act to scramble 
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phase relationships (cause decoherence). In this 
regard, one of the fastest biological processes is the 
photoisomerization of the retinal molecule in 
rhodopsin proteins. This relatively simple photo- 
chemical reaction is the primary event for vision in 
higher organisms, photoreceptor response, and en- 
ergy conversion in halobacteria. As such, the reac- 
tion has been subject to intense experimental and 
theoretical investigation (3—//). The possibility of 
manipulating the isomerization efficiency by ex- 
citation with tailored excitation light pulses has also 
been discussed from a theoretical standpoint in 
which a small subset of the total number of coupled 
motions is treated (12, 73). However, the full prob- 
lem is computationally intractable and so requires 
direct experimental investigation for resolution. 
Experimental manipulation of the relative pho- 
toisomerization yield of a molecule was recently 
reported for the cyanine dye NK88 in solution (74). 
These studies were conducted using excitation 
energies near saturation level for the absorption in 
question (1.5 J per pulse); the primary action of 
the shaped light fields may have been to control the 
excited-state population (/5) rather than the 
reaction coordinate itself. Under strong field 
excitation conditions, multiphoton processes inev- 
itably access higher-lying excited states and so 
substantially perturb the state of interest. These 
issues are irrelevant if the objective is to induce a 
particular reaction outcome, but they become 
important in interpreting the correlation of the 
pulse shapes with the molecular processes. 
Previous pulse-shaping studies of biological 
systems (/6) were also performed under relatively 
strong excitation conditions and demonstrated the 
quenching of energy transfer from the carotenoids 
in light-harvesting systems. This effect was 
attributed to enhanced nonradiative relaxation of 
the carotenoid excited state; it was not possible to 
control the converse pathway to increase energy 
transfer. Our goal in the present study was to 
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control the absolute isomerization yield of the 13- 
cis retinal isomer in bacteriorhodopsin (bR). We 
sought specifically to control the degree of 
coherence in the protein environment in the weak 
field regime so as to ensure that the resultant 
dynamics would pertain to the protein’s behavior 
under normal functional conditions. In this 
context, we report the manipulation of the 
absolute yield of 13-cis retinal over a 40% range, 
clearly demonstrating that a protein can manifest 
coherent interference effects. Through feedback- 
controlled amplitude and phase variation of the 
spectral components composing the excitation 
pulse, we could selectively enhance or suppress 
the isomerization yield by 20% in either direction. 

Optimization of the isomerization yield. 
Photoisomerization of the retinal chromophore in 
bR (Fig. 1) occurs with a relatively high quantum 
yield (~65%) (17, 18) of the 13-cis isomer. Prior 
work has shown that the isomerization is complete 
within ~3 ps (6), and the product, termed the K 
intermediate, has a well-resolved positive differ- 
ential absorption (AA) band in the 630- to 640-nm 
range (19, 20). To ensure adequate vibrational 
cooling, we chose a 20-ps delay after the actinic 
pulse before targeting the 630-nm absorption 
feature for optimization (a detailed description of 
the materials and methods is given in the sup- 
porting online material). At this delay, the mag- 
nitude of measured signal AA, weighted by actinic 
excitation energy (the amount of photons absorbed 
in a sample), directly reflects the isomerization 
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Fig. 1. Configurations of the retinal molecule (top) 
in bacteriorhodopsin (bottom) in the ground state 
(all-trans, yellow), and after isomerization (13-cis K 
form, red). [The bottom image is from the Protein 
Data Bank; identification numbers 1QH] and 1QKP 
(39).] The photoisomerization process requires a 
torsional motion and bond stretching along the C13- 
C14 axis. The motion through the transition-state 
region connecting the excited reactant and product 
surfaces will involve a superposition of vibrations to 
give this localized displacement (22, 12). 
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yield. We then used a well-established genetic 
algorithm and feedback approach to solve a 
multivariable problem to converge toward tailored 
pulses that would either maximize or minimize the 
630-nm induced absorption, corresponding to the 
respective enhancement or suppression of the isom- 
erization yield (Fig. 2). The different excitation 
pulse shapes were generated by appropriate man- 
ipulation of incoming transform-limited pulses 
[19 fs full width at half maximum (FWHM), 
centered at 565 nm with a bandwidth of 60 nm] in 
both frequency and phase domains (2/). Using 
only phase manipulation would substantially 
restrict the control space. In accordance with cer- 
tain properties of the Fourier transform, frequency 
amplitude modulation is necessary to produce, for 
example, a comb of temporally spaced subpulses, 
a prominent feature of the optimal pulses derived 
in recent coherent control experiments (/6, 22). 
We applied the optimization algorithm to a 
starting set of 30 pulses with randomly distributed 
spectral phases and amplitudes (pulse energies 
were 16 to 17 nJ, corresponding to a fluence E.,, = 
2.7 x 10! photons/cm?); the growth of Ad 
consistently saturates after 30 to 40 generations 
(600 to 800 shaping cycles) at a level ~23% 
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Fig. 2. Effect of evolving pulse shapes on the 
isomerization yield of retinal in bR, measured at 
630 nm delayed 20 ps after excitation. In (A) 
maximization and (B) minimization experiments, 
green squares correspond to averaged values of 
the differential absorbance AA (over the whole 
population), and blue circles correspond to the 
most effective pulses [for enhancement in (A) or 
suppression in (B)] within the current population. 
The solid horizontal lines correspond to the AA 
measured by excitation with the transform-limited 
pulse (19 fs FWHM) as a baseline for comparison. 


higher than that induced by the excitation with the 
transform-limited pulse. The spectrum of the 
optimal excitation pulse (Fig. 3A) has a gravity 
center at ~557 nm and a regular structure 
composed of several peaks spaced ~6 nm apart 
(both of these features have been reproduced in 
more than 20 optimization experiments). The anti- 
optimization experiment (Fig. 2B) also converged 
after ~30 generations under the same conditions, 
to yield a pulse that suppresses isomerization 
efficiency by ~24%. The spectrum of the anti- 
optimal pulse (Fig. 3D) was relatively broad and 
redshifted to ~577 nm. The isomerization quan- 
tum yield of 13-cis retinal in bR has been shown 
experimentally to be wavelength-independent 
across the full 500- to 670-nm absorption band. 
This spectral insensitivity was confirmed at 
different temperatures, using different light sources 
and methods (23-26). Nevertheless, we performed 
an additional check by irradiating our bR samples 
with tunable 120- to 140-fs excitation pulses of 
relatively narrow spectral width (8 nm FWHM), 
and found the yield to be wavelength-independent 
within a 535- to 610-nm window (fig. S2). The 
optimization has to be ascribed to the specific 
shapes of the excitation pulses. 

For determining the temporal profiles of the 
optimized pulses, we used frequency-resolved opti- 
cally gated (FROG) measurements (Fig. 3). Both 
optimal and anti-optimal pulses displayed regular 
and periodic modulations. The retrieved intensity 
profile of the optimal pulse showed a comb of 
~eight subpulses (Fig. 3C). In contrast, energy in 
the anti-optimal pulse was mostly concentrated in a 
single feature ~80 fs (FWHM) in duration (Fig. 
3F), with smaller-amplitude subpulses. These inten- 
sity profiles were independently examined by 
recording the cross-correlation functions between 
the investigated pulses and a compressed white-light 
pulse (harmonic sum generation, with detection cor- 
responding to the doubled frequency of the pulses) 
and were in good agreement with the retrieved 
pulse profiles from the FROG measurements. 


Regarding frequency distributions over time, 
distinct spectral components in the optimal pulse 
had different magnitudes (and signs) of chirp (Fig. 
3C), whereas the main peak in the anti-optimal 
pulse was not chirped (Fig. 3F). In our previous 
studies of the population transfer in solvated 
molecules, an anti-optimal pulse that suppressed 
the excited-state population had a clear, strong, 
negative chirp (22). Lack of this feature in the 
present case implies that suppression of the 
isomerization yield in bR is caused not by lowering 
of the excited-state population but by some process 
that affects the reaction probability; namely, 
destructive interference effects in the excited 
vibrational modes. This interpretation was inde- 
pendently confirmed by measuring the number of 
absorbed photons directly (the absorbed energy 
was measured as the difference between incoming 
and outgoing pulse energies, using a power meter 
with a corresponding correction for wavelength). 
To an accuracy of +1%, the number of absorbed 
photons was found to be the same for the optimal, 
transform-limited, and anti-optimal pulses at low 
excitations, where the response of the bR is linear 
with respect to absorbed energy. Because the 
number of absorbed photons exactly corresponds 
to the number of excited molecules in this low 
excitation limit, we therefore conclude that the 
observed changes in isomerization yield, in both 
the optimization and anti-optimization experi- 
ments, were due to control of the intrinsic isomeri- 
zation efficiency rather than to modulation of the 
excited-state population. Selective coupling of the 
applied electric field to vibrational modes appears 
to be involved in controlling the reaction. 

From the time profiles of the shaped pulses, 
one can get an appreciation of the driving force 
provided by the applied electric field to gain 
insight into the mechanism. In order to better 
elucidate the details of the underlying shaped 
electric fields that drive the molecular coherences, 
we used a Wigner transform (27) to uncover the 
instantaneous frequency profile of the pulse shape 
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Fig. 3. (A) Spectral profile of the optimal excitation pulse (solid blue line), the transform-limited (19 fs 
FWHM) pulse (black dashed line), and bR transmittance spectrum (red dotted line). (B) Measured FROG 
trace for the optimal pulse. (C) Retrieved intensity (solid line) and phase profile (dashed line) from the 
FROG trace. (D to F) Corresponding data for the anti-optimal pulse. a.u., arbitrary units; rad, radians. 
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(fig. S3). According to these plots, the optimal 
pulse has a main temporal modulation with a 
period of 145 fs (230 + 14 cm~!), whereas the 
anti-optimal pulse is modulated by a period of 
approximately 215 fs (155 cm~!). The optimal 
pulse has a modulation period that is resonant 
with the low-frequency torsional motions (and 
harmonics) in the excited state that are thought to 
be the key modes involved in the isomerization 
process, whereas the anti-optimal pulse is off 
resonance and thereby out of phase with this 
period. The exact modulation is more complex, 
involving different spectral components in the 
laser pulse that may be related to the non- 
Markovian dynamics of the involved vibrational 
modes. The most distinctive feature is the corre- 
spondence of the laser field modulation to one of 
the key modes involved in the reaction. 

In the initial phase of the optimization ex- 
periments, we found that AA and thus the isom- 
erization efficiency were slightly higher when 
the excitation pulse had randomly distributed 
phases and amplitudes than when it was 
transform-limited. This observation is very un- 
usual and surprising (more than 20 optimization 
experiments were carried out in order to confirm 
this effect). No such effect has been observed in 
solvated organic molecules (22). In this regard, the 
photoisomerization process involves the displace- 
ment of more than one vibrational mode of retinal 
along the reaction coordinate (predominantly 
torsional and bond stretching character between 
C13 and C14), but not all vibrational modes 
uniformly; and this process is in strong competition 
with very fast nonradiative relaxation back to the 
ground state. We speculate that the protein 
structure may be biased to the displacement of 
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the reactive modes preferentially along the reaction 
coordinate, in which case, sparse excitation to 
populate these modes may be favored over ex- 
citation of single vibrations or many unreactive 
modes that would steer the system away from the 
conical intersection or barrier crossing for reaction. 
In any case, this observation explains how the 
pulse optimization process avoided simple control 
of the excited-state population. There is a strong 
built-in bias for the photoreaction. 

Transient kinetics. Transient kinetics (Figs. 4 
and 5) were measured at the sample at variable 
delay times (within a 5- to 600-ps window) after 
excitation with the transform-limited, optimal, and 
anti-optimal pulses (all with equivalent actinic 
energies of 15.1 nJ + 1%). The changes in 
isomerization efficiency had a stationary character 
(the absorption changes were constant within the 
20- to 600-ps delay window), and the differences 
in the magnitudes of AA were ~20% (500-ps 
delay at 630 nm) relative to the difference spec- 
trum observed upon excitation with the transform- 
limited pulse (Fig. 5). These magnitudes are 
smaller than those obtained during the optimiza- 
tion experiments (most likely because of differ- 
ences in the samples used); however, they are still 
within the absolute accuracy of measurements. 
The distinction in pump-probe kinetics within the 
first ~5 ps after the excitation pulses is note- 
worthy, especially with excitation using the anti- 
optimal pulse. The difference in the population 
kinetics across the three pulses is present not only 
in the traces displayed in Fig. 5A, but in the whole 
investigated spectral range. In the delay window 
corresponding to the overlap of the probe pulse 
(~30 fs FWHM) with the excitation pulses, we 
clearly detected the presence of specific periodic 
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modulations in pump-probe signals driven by the 
optimal and anti-optimal pulses (Fig. 4, B and C). 
Coupling of the optimal light pulse to specific 
vibrational modes resulted in the appearance of 
195 + 15 cm™! oscillations with substantial 
amplitude (30% of the maximal bleaching) in 
pump-probe kinetics (Fig. 4, Bl and B2). In 
contrast, in the pump-probe kinetics driven by the 
anti-optimal pulse, the observed oscillation had an 
aperiodic character (Fig. 4, C1 and C2) and strong 
positive chirp. The manifestation of strong oscil- 
lations in the pump-probe kinetics (quantum beats) 
clearly indicates a coherent excitation of the 
vibrational states (28) by the optimal pulse. Taking 
into account the results of previous studies of the 
retinal and bR vibrational structure (29, 30), we 
posit that such an excitation pulse selectively and 
efficiently drives the ~200 cm™! torsional mode 
in retinal by keeping the corresponding molecular 
vibrational mode in a coherent state during the 
excitation cycle (~300 fs) of the shaped pulse, and 
thus enhances the isomerization yield. We are 
effectively creating a specific superposition of 
vibrational modes (the so-called vibrational wave 
packet) on the excited-state surface that then 
propagates to the reactive crossing and is better 
tuned to the reaction. This enhancement of specific 
Raman-active modes has recently been experi- 
mentally demonstrated (37), using “open-loop” 
control to generate temporally periodic pulses that 
were resonant with the vibrational period of the 
desired mode (a train of several pulses spaced 
apart in time and frequency domains to be in 
resonance with this mode). 

We emphasize the similarity between the 
temporal/spectral profile of the oscillations de- 
rived from the two-dimensional (2D) transient 


-500 0 


500 


500 


Fig. 4. 2D plots of the bR transient kinetics AA(A,t) driven by the 19-fs 
transform-limited (A), optimal (B), and anti-optimal (C) pulses. Color bars 
indicate magnitudes of AA in mOD. (B1) 2D plot of residuals cor- 
responding to the rectangular area in (B). (B2) Cross-sectional slice of 
2D plot in (B1) at 552 nm, showing 195 cm~? oscillations. (C1) 2D plot 
of residuals corresponding to the rectangular area in (C). (C2) Cross- 
sectional slice of 2D plot in (C1) at 582 nm, showing aperiodic 
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kinetics (Fig. 4, B1 and C1) and the Wigner plots 
of the optimized pulses (2/). The latter projec- 
tions provide a visual portrayal of these key 
features of the shaped excitation fields. 

Isomerization efficiency. At probe delays 
long enough to ensure completion of the K- 
intermediate buildup and full relaxation of 
unreacted all-trans retinal molecules to the 
ground state, the differential absorption spec- 
trum was determined by absorption cross sec- 
tions of the product isomer o,,.(A) and the initial 
reactant 6,,.,<(%) 

AA(A) % mry[Scis(A) — Gtrans(A)]40 (1) 
where 1), is the isomerization efficiency. A, is 
proportional to the number of initially excited all- 
trans retinal molecules and can be determined from 
the pump-probe kinetics driven by an impulsive 
excitation from the initial bleaching at zero delay 
[the absorption and excited-state emission spectra 
in bR are well separated (/0), and thus the transient 
kinetics in the 540- to 600-nm window are not 
affected by stimulated emission]. Using the 
measured in situ absorption cross section 6,,,,,.(A), 
the K-intermediate spectra can be straightforward- 
ly derived from the AA spectra measured at a 
delay of 500 ps (Fig. 5B) by applying Eq. 1. Such 
decomposition (initial bleaching 4, = —78 milli— 
optical density (mOD), using the1l9-fs pulse 
excitation) reproduces, within experimental accu- 
racy, identical spectral shapes for the K interme- 
diate and equal ratios [max(o,;.)/max(6,,,,,,) = 
0.91 + 0.01] if the isomerization yields n,,, are in- 
put as 78, 65, and 52% for the optimal, transform- 
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Fig. 5. (A) Decay traces at 625 nm measured in a 
600-ps delay window after excitation with the 
optimal (red), transform-limited 19-fs FWHM 
(blue), and anti-optimal (black) pulses. (B) Differ- 
ential absorption spectra AA(A) acquired 500 ps 
after excitation [color scheme is as in (A)]. 


limited, and anti-optimal pulses, respectively (fig. 
S4). Thus, the control of the absolute isomerization 
yield in bR using tailored excitation pulses is 
achieved over an absolute range of (78 — 52)/65 = 
40%. The ratio between the maxima of the 
absorption cross sections for all-trans and 13-cis 
bR forms, as well as the position (585 nm) and 
shape of the band with max(o,,.), are in good 
agreement with the previously resolved transient 
spectra for these states (19). 

Energy dependence of isomerization and 
phase sensitivity. Our experiments were designed 
to test for quantum interference effects within biol- 
ogical systems. These studies must be conducted 
under weak field conditions in order to ensure that 
the same electronic levels are probed as in the ac- 
tual biological processes. Ideally, these experiments 
should be conducted within the linear response with 
respect to the excitation energy to avoid any pos- 
sible multiphoton processes. In the low—excitation 
energy limit, an isolated quantum system with a 
finite number of eigenstates, such as a small mole- 
cule in vacuum, should generally be insensitive to 
the phase information contained in the excitation 
light (/). Such a “closed” quantum system is 
always in a pure state (a coherent superposition of 
eigenstates) that can be described using the 
Schrédinger equation and wave function formalism 
(32). The retinal molecule in a protein environment 
belongs to the class of “open” systems, wherein the 
molecule/environment (system/bath) interaction 
leads to dephasing of the system states and energy 
redistribution among them, creating mixed states. 
Coherent control of such open systems is a difficult 
problem to treat theoretically because it requires 
specific information about the bath interactions that 
is generally not known. However, very recently the 
manipulation of the excited-state population in an 
open system (a molecule in a solvent) was experi- 
mentally demonstrated, and the phase sensitivity in 
the weak excitation limit (only 1 molecule in ~500 
absorbing a photon during the excitation cycle) was 


Fig. 6. Energy dependence of (A) 
the AA signal, measured at 630 nm 
20 ps after excitation, and (B) the 
corresponding isomerization yields. 
Both plots show results for the op- 
timal (red), anti-optimal (black), and 
transform-limited (blue) pulses. A 
quadratic fit (solid lines) shows the 
energy dependence to be essentially 0 
linear at low energies, with a small 
deviation (due to saturation of the 


revealed (22). The phase sensitivity of the excited- 
state population in dissipative systems was further 
modeled numerically (33), and the selective 
excitation of Raman active modes in the excited 
state in this regime has also been demonstrated 
(34). These recent developments are consistent 
with our interpretation of exciting specific vibra- 
tions in the excited state that interfere at the reaction 
crossing point. However, the energy dependence 
and coherent nature of the excited modes need to be 
determined to ensure that the experiments are in the 
weak field limit for coherent control. 

The fluence in the optimization experiments 
Enc = 2.7 x 10" photons/em? was approxi- 
mately 20 times lower than the level necessary to 
saturate the retinal S, — S, transition in the pro- 
tein environment, which can be estimated, using 
the known extinction coefficient (35) ¢(560 nm) = 
54000 M~! cm~!, to be E, = 4.8 x 10!5 photons/ 
cm? (36). At this relatively low fluence, the ratio 
between excited and nonexcited molecules (per 
laser shot) can be estimated, using the Poisson 
distribution, to be 1:40, and ~ 1% of the measured 
signal can arise from two-photon processes such 
as cascaded absorption S, — S,, (37). Therefore, 
the influence of actinic pulse energy on the isom- 
erization control efficiency was checked inde- 
pendently by measuring AA (630 nm) at a delay 
of 20 ps for a wide range of pulse energies (Fig. 
6A). Coherent control of the isomerization effi- 
ciency is clearly operative at the lower energies. 
Figure 6B shows the corresponding isomeriza- 
tion yield dependencies, defined as IY(E,,.) 
AA/E.,.... There is a slight nonlinearity to the 
dependence at a high actinic energy level. How- 
ever, the isomerization efficiency depends strongly 
on the excitation pulse shape even for a pulse 
energy less than 1 nJ, which corresponds to the 
excitation of 1 bR out of ~300 per laser shot. 
Another order-of-magnitude reduction in actinic 
excitation energy with an improvement in signal- 
to-noise ratio (which is physically limited by 
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intrinsic light scattering in bR) will help establish 
the exact nature of the field interaction. The main 
conclusion is that the experiment is clearly in the 
weak field limit and the laser field is not strongly 
perturbing the underlying thermally populated 
modes, but rather inducing their interference in 
the excited-state surface. Isomerization yields were 
also compared with and without phase control 
(Fig. 6C), keeping spectral amplitudes constant 
(Fig. 6D; spectral profiles were confirmed using 
a tunable monochromator with 0.2-nm spec- 
tral resolution). The data show a clear phase 
dependence indicative of coherent control. 

Pure amplitude modulation alters the temporal 
profile of the pulse (fig. S5); therefore, removing 
the phase modulation affects the isomerization 
yield by only 5 to 7%. The phase sensitivity of 
the control efficiency further illustrates the co- 
herent nature of the state preparation. 

The temporal profiles of the shaped optimal and 
anti-optimal pulses and the observed degree of the 
isomerization yield control are consistent with the 
known fast electronic dephasing of bR (/0, 38). 
The largest field amplitudes are confined to ap- 
proximately 300-fs widths to yield 20% control. In 
the case of transform-limited pulses, all the vibra- 
tional levels within the excitation bandwidth are 
excited in phase and there is a fast decoherence in 
the initial electronic polarization (38). However, 
with the phase-selective restricted bandwidths in 
the shaped pulses, there is an opportunity to ma- 
nipulate different vibrational states with much long- 
er coherence times than the electronic polarization. 
The resultant constructive and destructive interfer- 
ence effects involving vibrational modes displaced 
along the reaction coordinate offer the possibility of 
controlling isomerization. Experimental obser- 
vations presented here show that the wave proper- 
ties of matter can play a role in biological processes, 
to the point that they can even be manipulated. 
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Phytophthora Genome Sequences 
Uncover Evolutionary Origins and 
Mechanisms of Pathogenesis 
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Draft genome sequences have been determined for the soybean pathogen Phytophthora sojae and 
the sudden oak death pathogen Phytophthora ramorum. Odmycetes such as these Phytophthora 
species share the kingdom Stramenopila with photosynthetic algae such as diatoms, and the 
presence of many Phytophthora genes of probable phototroph origin supports a photosynthetic 
ancestry for the stramenopiles. Comparison of the two species’ genomes reveals a rapid expansion 
and diversification of many protein families associated with plant infection such as hydrolases, ABC 
transporters, protein toxins, proteinase inhibitors, and, in particular, a superfamily of 700 proteins 
with similarity to known odmycete avirulence genes. 


hytophthora plant pathogens attack a 
P wide range of agriculturally and oma- 
mentally important plants (/). Late blight 


of potato caused by Phytophthora infestans re- 
sulted in the Irish potato famine in the 19th cen- 


tury, and P. sojae costs the soybean industry 
millions of dollars each year. In California and 
Oregon, a newly emerged Phytophthora species, 
P. ramorum, is responsible for a disease called 
sudden oak death (2) that affects not only the live 
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oaks that are the keystone species of the eco- 
system but also a large variety of woody shrubs 
that inhabit the oak ecosystems, such as bay 
laurel and viburnum (2). Many other members of 
the odmycete phylum are plant or animal patho- 
gens, and some pose biosecurity threats such 
as the maize downy mildews Peronosclerospora 
philippinesis and Sclerophthora rayssiae. Ex- 
tensive classical and molecular genetic tools and 
genomics resources have been developed for 
P. sojae and P. infestans (3, 4). 

Odmycetes fall within the kingdom Stramenopila 
(5, 6), which also includes golden-brown algae, 
diatoms, and brown algae such as kelp (Fig. 1A). 
The algal stramenopiles are secondarily photo- 
synthetic, having engulfed a red alga and 
adopted its plastid approximately 1,300 million 
years ago (6). However, nonphotosynthetic 
stramenopiles, such as the odmycetes, do not 
even have the vestigial plastids found in api- 
complexan and euglenoid parasites that origi- 
nate from phototrophs. Therefore, an important 
evolutionary question is whether the kingdom 
Stramenopila was founded by a photosynthetic 
or nonphotosynthetic organism and, more 
generally, whether a much larger group of sec- 
ondarily photosynthetic organisms, called the 
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chromalveolates (6), was founded by a single pho- 
tosynthetic ancestor. 

We report here the draft genome sequences 
of P. sojae and P. ramorum. The sequences, a 
nine-fold coverage of the 95 Mb P. sojae ge- 
nome and a seven-fold coverage of the 65 Mb 
P. ramorum genome, were produced using a 
whole-genome shotgun approach (7). We con- 
structed a physical map of P. sojae to aid the 
sequence assembly by using restriction enzyme 
fingerprinting of bacterial artificial chromosome 
(BAC) clones from two libraries (7). We iden- 
tified 19,027 predicted genes (gene models) in the 
genome of P. sojae and 15,743 in the genome of 
P. ramorum, supported in part by expressed se- 
quence tags (ESTs) from P. sojae and proteomic 
surveys in P. ramorum (7). Of these, 9768 pairs 
of gene models could be identified as putative 
orthologs (7). There are 1755 gene models in 
P. sojae and 624 in P. ramorum encoding unique 
proteins that do not have a homolog in the other 
genome at a significance threshold of 10-8. The 
overall higher number of predicted genes in 
P. sojae results from a greater size of many gene 
families within the species. 

There is extensive colinearity of orthologs 
between the two genomes. One colinear block, 
illustrated in Fig. 2, spans 1.8 Mb of P. sojae 
sequence and 0.8 Mb of P. ramorum sequence 
and contains 425 P. sojae and 265 P. ramorum 
genes, respectively, of which 170 are orthologous 
(7). The longest colinear block spans an estimated 
4.8 Mb in P. sojae and 2.9 Mb in P. ramorum 
and contains 1129 P. sojae and 793 P. ramorum 
gene models, respectively, of which 463 are 
orthologous. The long-range colinearity be- 
tween the two genomes is preserved despite 
the presence of many local rearrangements and 
many nonorthologous genes. Local disruptions 
of the gene colinearity are particularly com- 
mon in the vicinity of genes associated with 
plant infection such as P. sojae AvrIb-1 (8) 
(Fig. 2B). 

The genome sequences of P. sojae and P. 
ramorum imply several metabolic idiosyncra- 
sies. For example, the CYP51 group of cyto- 
chrome P450 enzymes are considered necessary 
for sterol biosynthesis (9). Consistent with Phy- 
tophthora being sterol auxotrophs, none of these 
genes could be identified in either Phytophthora 
genome, although most other sterol biosynthetic 
genes could be recognized. More unexpectedly, 
neither genome appears to contain any gene for 
phospholipase C (PLC), an enzyme present in 
all eukaryotes sequenced so far (J0), nor are 
PLC sequences present in a collection of 75,757 
ESTs from Phytophthora infestans (11). In con- 
trast, the diatom Thalassiosira pseudonana has 
three PLC genes. No other highly conserved 
genes were identified as missing from both the 
P. sojae and P. ramorum genomes. 

Because P. ramorum has recently appeared 
in California and Europe, an important priority 
is the development of genetic markers for pop- 
ulation genetics and strain tracking of the 


pathogen. Through sequencing the P. ramorum 
genome, we identified ~ 13,643 single nucleo- 
tide polymorphisms (SNPs) (7) and numerous 
simple sequence repeats useful for this purpose. 
The P. sojae genome sequence contains only 
499 SNPs, probably because P. sojae is homo- 
thallic (inbreeding), whereas P. ramorum is 
heterothallic (outcrossing). 

To address whether the kingdom Stramenopila 
might have been founded by a photosynthetic 
ancestor (6), we searched for Phytophthora 
genes that had especially strong similarities to 
genes of photosynthetic organisms (7). We iden- 
tified 855 genes with a putative heritage from a 
red alga or cyanobacterium (fig. S2), of which 
30 are detailed in table S4. Some of the most 
striking examples of the putative acquisition of 
genes from a photosynthetic ancestor are pro- 
vided by genes encoding biosynthetic enzymes 
targeted to the chloroplasts of photosynthetic 
organisms and to the mitochondria of nonphoto- 
synthetic organisms. Table S4 includes 12 genes 
whose protein product has a predicted mitochon- 
drial location in Phytophthora and a predicted 
plastid location in plants and/or algae. One ex- 
ample, the gene for 2-isopropylmalate synthase 
(functioning in leucine biosynthesis), is shown in 
Fig. 1B. Although a few details of this tree appear 
to be anomalous, owing perhaps to the ancient 
separation of these lineages and sparse taxon 
sampling, there are clearly two major phyloge- 
netic groups of this gene: one acquired in fungi 
by transfer from an a-proteobacterium, presum- 
ably the endosymbiont that gave rise to mitochon- 
dria, and the other acquired in algae, plants, and 
stramenopiles from a cyanobacterium, presum- 
ably the endosymbiont that originally gave rise 
to plastids. It is further interesting that this gene 
in the diatom Thalassiosira pseudonana groups 
with those of green plants rather than red algae, 
perhaps indicating a separate ancestry, as has 
been suggested for some other chromalveolates 
(12, 13), although this could alternatively be an 
artifact due to incomplete sampling of lineages 
or of the genes within them. Figure 1C shows a 
more unusual example, from the sixth step of 
purine biosynthesis. The two Phytophthora spe- 
cies, together with the diatom Thalassiosira 
pseudonana and the green alga Chlamydomonas 
reinhardtii, are unique among eukaryotes be- 
cause they have a prokaryotic, organelle-targeted 
N-phosphoribosyl-carboxy-aminoimidazole 
(NCAIR) mutase homolog closely resembling 
that of cyanobacteria (/4), in addition to a 
conventional eukaryotic, cytoplasmic-targeted 
1-(5-phosphoribosyl)-5-amino-4-imidazole (AIR) 
carboxylase (Fig. 1C). The presence of numer- 
ous genes of putative phototroph origin in the 
Phytophthora genomes lends support to the hy- 
pothesis that the stramenopile ancestor was 
photosynthetic, which is consistent with the 
chromalveolate hypothesis. 

Genes involved in the interactions of P. sojae 
and P. ramorum with their hosts are of central 
interest. Motile Phytophthora zoospores exhibit 
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chemotaxis toward signals from host tissue such 
as isoflavones (/5). In other eukaryotes, chemo- 
taxis reception is mediated by G protein-coupled 
receptors (GPCRs) (16). P. sojae and P. ramorum 
each have 24 GPCRs, four of which show a 


top match to the Dictyostelium cyclic adeno- 
sine monophosphate chemotaxis receptor. An- 
other 12 GPCRs have a C-terminal intracellular 
phosphatidylinositol-4-phosphate 5-kinase do- 
main similar to the RpkA gene of Dictyostelium 


Neurospora crassa 
A Schizosaccharomyces pombe = Fungi t 
Saccharomyces cerevisiae Hy 
Ustilago maydis i 
Drosophila melanogaster 
Animals & 
a Octyoseium discardeuwmn Slime Molds F 
Entamoeda histolytica Amoabae g 
———— Cyenophora parsdoxe Glaucophytes Se 
Amboooss (haiana 
atin” susie © 
Cyanidioschizon merolae 
: Thatassmasira pseudanana Distoms @ 
: Pseudopedineta elastica Silicofilagellates 4 & 
+ Mailomonas strata Golden-Brown Algae 
Fucus gardneri Brown Algae SS 
Phytophthora saiae Oommoetee 
Phytophthora ramorum 


Labyrinthuloides minuta 
Blastocystis hominis 


Emitiana huxteyi Haptophyte Algae @ 

q Guillardia tneta Cryptophytes @ 
Tetrahymene thermophila Ciliates 

Pertensus mannus Oincflageliates g 

| Phasenoduin takcumanan Apicomplexans 2 
Tnyanosoma cruzi 

———————___ nn cugiroson 
$i na Paresaide 
Trichomonas vaginalis Parabasalids 


B 2-isopropylmalate synthase (leucine biosynthesis) 
94 | Nostoc sp. PCC 7120 
Cyanidioschyzon merolae 
Phytophthora sojae 
Phytophthora ramorum 
89 ;— Thalassiosira pseudonana 
Helicosporidium sp. 
Arabidopsis thaliana 
83 


09| 100 


97 


Saccharomyces cerevisiae 
Neurospora crassa 
Schizosaccharoymces pombe 
Ustilago maydis 
Pseudomonas aeruginosa 

Thermoplasma volcanium 
——— Methanocaldococcus jannaschii 


100 


C_ NCAIR mutase/AIR carboxylase (purine biosynthesis) 
98 Phytophthora sojae NCAiIRm 
T phytophthora ramorum NCAIRm 
Thalassiosira pseudonana NCAIRm 
Chlamydomonas reinhardtii NCAIRm 
100 —— Nostoc sp. PCC 7120 cpmA 
Lanse Trichodesmium erythraeum cpmA 
Methanopyrus kandleri cpmA 
Cyanidioschyzon merolae AlRc 
Drosophila melanogaster AlRc (Ade7) 

100 Phytophthora sojae AlRc 
—_———t Phytophthora ramorum AiRe 
————_———_ Thalassiosira pseudonana AiRc 

Saccharomyces cerevisiae AiRc (ADE2) 
Arabidopsis thaliana AiRic 


Chlamydomonas reinhardtii AiRic 
Trichodesmium erythraeum AlRe 


87 


100 


SCIENCE VOL 313 


RESEARCH ARTICLES 


(17); this domain would enable signaling to 
bypass the heterotrimeric G proteins, perhaps 
explaining why the Phytophthora genomes con- 
tain only single genes for G-o and G-B sub- 
units (17). 


Fig. 1. Identification of genes potentially origi- 
nating from a photosynthetic endosymbiont. (A) 
Schematic phylogenetic tree of the eukaryotes. The 
tree is adapted from that of Baldauf et al. (5) that 
is based on a concatenation of six highly conserved 
proteins. Filled green circles on the right indicate 
photosynthetic species, open green circles indicate 
species with vestigial plastids of photosynthetic origin. 
The dotted arrows indicate hypothetical events in 
which an ancient red algal endosymbiont might have 
been acquired by an ancestor of the chromalveolates 
(left arrow) or of the stramenopiles alone (right 
arrow). (B and C) Phylogenetic trees produced using 
maximum parsimony (with the branch and bound 
algorithm) of amino acid sequences with the 
computer program PAUP 4.0b10 (32). Inferred 
amino acid sequences were aligned using ClustalW, 
and these were manually trimmed at each end to 
a position of confident alignment. (B) and (C) 
show strict consensus trees for two and three 
equally parsimonious trees, respectively. In both 
cases, numerals indicate bootstrap support values, 
and any with less than 80% have been collapsed. 
Branch lengths are proportional to sequence 
change using the accelerated transformation 
mode for character state reconstruction. Trees 
were rooted by specifying Methanocaldococcus 
jannaschii and the NCAIR mutase/cpmA cluster of 
genes as outgroups for (B) and (C), respectively. 
Taxonomic affinities of the organisms listed are as 
in (A), with the following additions: green plants, 
Helicosporidium sp.; cyanobacteria, Nostoc sp., 
Trichodesmium erythraeum, and Synechocystis sp.; 
other eubacteria, Pseudomonas aeruginosa, Bacillus 
halodurans, and Clostridium acetylbutylicum; archae- 
bacteria, Thermoplasma volcanium, M. jannaschii, 
and Methanopyrus kandleri. In (©), NCAIRm, AIRc, 
and cpmA denote, respectively, N-phosphoribosyl- 
carboxy-aminoimidazole (NCAIR) mutase, 
1-(5-phosphoribosyl)-5-amino-4-imidazole (AIR) 
carboxylase, and the circadian modifer gene cpomA 
that is a member of the NCAIR mutase family (14). 
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Fig. 2. Long-range gene colinearity 
between the genomes of P. sojae and P. 
ramorum. In (A) and (B), black and red 
lines link orthologs of like and reversed 
orientation, respectively. In (A), colored 
bars indicate orthologs located in 
different P sojae sequence scaffolds. 
Gray bars indicate genes without 
orthologs. Filled red circles indicate 
scaffolds linked by a single end- 
sequenced BAC, and open red circles 
indicate scaffolds linked by end- 
sequenced BAC contigs. The boxed 
area in (A) is enlarged in (B). 
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zeae, Mg, Magnaporthe 
grisea; Nc, Neurospora 
crassa; Pa, Pythium 
aphanidermatum; Pi, 
Phytophthora infestans; 
Pm, Pythium monosper- 
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mum; Pp, Phytophthora parasitica; Ps, Phytophthora sojae, Pr, Phytophthora ramorum; Sc, Streptomyces 
coelicolor; Vd, Verticillium dahlia; Vp, Vibrio pommerensis. (B) Similarity of P. sojae Avh genes to P. ramorum. 
Purple indicates Avh genes, and crimson indicates a set of randomly chosen P. sojae genes having a functional 
annotation. The red arrow indicates the class that contains the Avr1b-1 gene itself. 


Because P. sojae and P. ramorum have very 
different host ranges, it is expected that some 
of their genes involved in host interactions 
will have rapidly diverged between the two 


species as a result of strong selection for 
effective pathogenesis. Because Phytophthora 
species are cellular pathogens, secreted proteins 
are prime candidates for mediators of host 


a Gene without an orthologue 
© Gene wih a homologue bet ocated else where of the genome 


@ arn 


interactions (/8). The predicted secretomes (7) 
of the two species (1464 and 1188 proteins, 
respectively) are evolving significantly more 
rapidly than the overall proteome. For example, 
17% and 11% of the secreted P. sojae and P. 
ramorum proteins, respectively, are unique at 
the 30% identify level, whereas only 9% and 
4%, respectively, of the overall proteomes are 
unique. The relatively rapid diversification of the 
secretomes is also evident in the number of 
multigene families encoding these proteins: 77% 
of the proteins belong to families of two or more 
members, and 30% belong to families of 10 or 
more members. 

Both P. sojae and P. ramorum derive their 
nutrition biotrophically from living plant tissue 
during the initial hours of infection, but they 
switch to necrotrophic growth once the infec- 
tion has been established, deriving their nutri- 
tion from killed plant tissue. As hemibiotrophs, 
the two species are expected to produce gene 
products that enable them to evade or suppress 
the plant’s defense responses during early bio- 
trophic infection and to produce gene products 
that kill and destroy plant tissue during later 
necrotrophic growth. Table 1 summarizes a wide 
variety of hydrolytic enzymes encoded by the 
genomes of the two species in comparison 
with the genome of the diatom Thalassiosira 
pseudonana, an autotroph. These destructive en- 
zymes potentially could be associated with the 
necrotrophic phase. The two Phytophthora ge- 
nomes encode large numbers of secreted prote- 
ases in contrast to the diatom and also encode 
the pectinases and cutinases required for hydro- 
lyzing plant cell wall and cuticular material. 
The number of proteinase inhibitor genes re- 
quired to protect the pathogens from plant pro- 
teases is also expanded in the Phytophthora 
genomes. 

Gene families encoding proteins previously 
demonstrated to be toxic to plants show striking 
diversification; fewer than 25% of the genes 
remain identifiably orthologous between the two 
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Table 1. Potential infection-related genes in the P. sojae and P. ramorum genome sequences. 


Gene product 


Numbers of genes 


P. sojae P. ramorum Orthologs* Diatom 
Hydrolases 
Proteases, all 282 311 221 314 
Extracellular 47 48 38 8 
Serine proteases 119 127 86 123 
Metalloproteases 71 86 62 84 
Cysteine proteases 67 74 52 63 
Glycosyl hydrolases 125 114 54 n.d.t 
Secreted 56 37 23 n.d. 
Pectinases 
Pectinesterases 19 15 n.d. 0 
Pectate lyases 43 41 n.d. 0 
Cutinases 16 4 1 0 
Chitinases 5 2 2 49 
Lipases 171 154 n.d. n.d. 
Phospholipases >50 >50 n.d. 23 
Phospholipase C 0 0 0 3 
Phospholipase D 18 18 18 3 
Protease inhibitors, all 22 19 13 9 
Kazal 15 12 8 2 
Cystatin 4 4 4 0 
Protein toxins 
NPP family+ 29 40 7 0 
PcF family§ 
Six Cys family 2 4 0 0 
Eight Cys family 17 0 0 0 
Crn familyll 40 8 2 0 
Secondary metabolite biosynthesis 
Nonribosomal peptide synthetases 4 4 4 16 
Polyketide synthases 0 0 0 0 
Cytochrome P450's 30 24 21 10 
CYP51 clan 0 0 0 1 
ABC transporters 134 135 105 63 
PDR (ABCG-full) 45 46 30 3 
ABCG-half 23 22 19 6 
MDR# (ABCB) 7 7 4 3 
MRP** (ABCC) 23 22 19 6 
Effectors 
Elicitins 18 17 13 0 
Elicitin-like 39 31 22 0 
Avh (RXLR) family 350 350 83 (21)tt 0 


*Genes orthologous between P. sojae and P. ramorum were estimated based on bidirectional best BLAST hits and/or 


using similarity trees created by ClustalW. 
(19, 20). §(18, 21). 
porters. #Multi-drug resistance transporters. 


tn.d., not determined 
ICrinkling and necrosis-inducing protein family (22). 
**Multi-drug resistance—associated transporters. 


tNecrosis and ethylene-inducing protein family 
qJPleiotropic drug resistance trans- 
ttFor the Avh family, 


the estimations of orthology are uncertain due to the rapid divergence of this family. The number in parentheses refers to orthologs 


that are syntenic and hence most likely to be correct. 


species, and in several cases there are no iden- 
tifiable orthologs (Table 1). There are also sub- 
stantial differences in sizes of the gene families. 
The NPP1 family (79, 20) is more expanded and 
diversified in P. ramorum, whereas the PcF 
(18, 21) and crn (22) toxin families are more 
expanded in P. sojae. Figure 3A illustrates the 
explosive diversification of the NPP1 toxin fam- 
ily in the genus Phytophthora. This toxin fam- 
ily is interesting because several fungal plant 
pathogens also contain NPP1 toxin genes (/9, 20), 
but they contain only two to four genes, where- 
as the Phytophthora species contain 29 or 40 
(Fig. 3A). 
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The largest and most diverse family of 
infection-associated genes identified in the 
P. sojae and P. ramorum genomes is a super- 
family with ~350 genes in each genome (7) that 
are similar to four o6mycete genes identified as 
“avirulence” or “effector” genes, namely Avr/b-1 
of P. sojae (8), Avr3a of P. infestans (23), and 
Atr| (24) and Atr13 (25) of Hyaloperonospora 
parasitica, We have termed these Avh (aviru- 
lence homolog) genes. Avirulence genes were 
historically identified by their genetic interac- 
tion with plant disease resistance genes that 
encode defense receptors (26). In bacterial plant 
pathogens, some avirulence proteins function to 
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promote infection by suppressing the plant de- 
fense response—hence their renaming as 
“effector” proteins (26). Many of these bacte- 
rial effector proteins are injected into host cells 
by the type III secretion machinery (26), which 
explains the intracellular location of many 
resistance gene-encoded plant defense recep- 
tors. Intriguingly, the plant defense receptors 
that interact with the four cloned oémycete 
avirulence proteins also have a predicted in- 
tracellular location (8, 23-25, 27). However, 
the mechanisms by which the oémycete proteins 
may enter the plant cell are unknown. The four 
odmycete avirulence proteins share only very 
modest sequence similarity, but they do share 
two motifs, named RXLR and dEER, near the N 
terminus (24, 28) which are also shared by all of 
the 700 Avh gene products. Comparison of the 
700 Avh sequences reveals a nonrandom distri- 
bution of amino acid residues surrounding each 
motif (7), which could potentially contribute to 
the their functions. Similarity of the RXLR motif 
to a motif used by the malaria parasite to 
transport proteins across the membrane of the 
parasitiphorous vacuole into the cytoplasm of 
human erythrocytes (29, 30) suggests that the 
RXLR motif may function to transport o6mycete 
effector proteins into the plant cytoplasm. Figure 
3B shows that the Avh gene family has under- 
gone extensive diversification in comparison with 
a random set of P. sojae and P. ramorum genes. 
The diversification of the Avh family, driven 
presumably by selection pressure from the host 
defense machinery, underlines the potential 
importance of this superfamily for infection by 
these pathogens. Further characterization of these 
genomes will be published elsewhere (3/). 
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Anomalous Spiral Motion of Steps 
Near Dislocations on Silicon Surfaces 


J. B. Hannon,?* V. B. Shenoy,” K. W. Schwarz? 


We have used low-energy electron microscopy to measure step motion on Si(111) and Si(001) near 
dislocations during growth and sublimation. Steps on Si(111) exhibit the classic rotating Archimedean 
spiral motion, as predicted by Burton, Cabrera, and Frank. Steps on Si(001), however, move in a strikingly 
different manner. The anomalous behavior can be understood in detail by considering how the local step 
velocity is affected by the nonuniform strain field arising from the dislocation. We show how the dynamic 
step-flow pattern is related to the dislocation slip system. 


islocations strongly influence both the 

mechanical and electrical properties of 

solids, and have been investigated in 
detail for more than 50 years. Although most 
investigations have focused on bulk proper- 
ties, dislocations also influence surface pro- 
cesses. Perhaps the most striking example is 
the realization by Frank (/) that dislocations 
mediate crystal growth under conditions of low 
supersaturation and provide the surface steps 
required to capture deposited atoms. On a low- 
index surface without dislocations, islands must 
spontaneously nucleate before such growth can 
occur. 

More recently, there has been interest in 
exploiting the strain field of bulk dislocations 
to tailor surface properties. For example, pe- 
riodic arrays of dislocations have been used to 
engineer the strain at the surface of a thin Si(001) 
film. The strain pattern can be used to pref- 
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erentially nucleate Ge quantum dots at specific 
locations on a surface (2, 3). Here, we describe 
how the dislocation strain fields influence step 


Fig. 1. (A to C) Step motion near a 
dislocation core on Si(111) during 
sublimation. (A) 40 eV LEEM image 
of a step emerging from a disloca- 
tion core measured at time t,. The 
step curvature decreases monotoni- 
cally away from the core (indicated 
by an arrow). (B) Position of the step 
at 5-s intervals as it winds (counter- 
clockwise) about the core during 
sublimation. The curve corresponding 
to (A) is shown in bold. (C) Measured 
step profiles, each rotated by an 
angle (t — t,)/t,, where t, = 36 s is 
the period of the step motion and t 

is the time the profile was measured. 

The solid curve shows the prediction 

of the BCF model with r, = 93 nm. 

(D) Spiral onset from growth and 

sublimation of a surface step emerg- 


motion during growth. By imaging the Si(001) 
surface in real-time at 1100°C, during growth 
and sublimation, we show that step motion 
near the dislocation core is inconsistent with 
classic models that predict rotating spiral step 
profiles (4). We find instead that the step ve- 
locity can be interpreted directly in terms of 
the surface strain field generated by a bulk 
dislocation. 

Images of a step on Si(111) emerging from 
a screw dislocation (Fig. 1A) were obtained 
using low-energy electron microscopy (LEEM) 
(5) during sublimation at elevated temperatures 
(T ~ 1100°C). Si atoms evaporated from the 
terrace are replenished by atoms detaching 
from steps, causing the steps to retract. Burton, 
Cabrera, and Frank (BCF) (4) developed a 
simple theory of step motion near a dislocation 


— a 
—  — 
growth sublimation 


—— core 


ing from a dislocation. The step separates two surface phases: A on the lower side of the step and B on the 
upper side. If the step direction is reversed, so is the direction of motion. 
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core during growth or sublimation, the basic 
features of which have been confirmed exper- 
imentally in a number of systems using surface 
microscopy (6-9). BCF considered the case of 
diffusion-limited growth in equilibrium with 
the vapor, but the results apply equally well to 
sublimation and to cases in which the growth is 
limited by the attachment and detachment of 
atoms to steps [e.g., Si(001) (/0)]. Specifi- 
cally, BCF showed that during growth the 
normal velocity of a step, v,, is given by 


Vn = Vao(l — p/p) (1) 
where p is the local radius of curvature of the 
step, p, is the critical nucleus size, and v., is 
the velocity of a straight step. The two free 
parameters, v,, and p_, of the model are func- 
tions of the supersaturation. BCF showed that 
the steady-state step profile corresponding to 
Eq. 1 has the classic Archimedes spiral shape, 
r(8) = 2p, 9, that rotates about the core with a 
constant angular velocity w ~ v_/3p,. For later 
reference, Fig. 1D illustrates how the direction 
of the spiral motion depends both on the step 
direction and on whether the crystal is growing 
or sublimating. 

On Si(111), the spiral profile predicted by 
the BCF model is clear (Fig. 1A). A key feature 
of this shape is that the curvature is large near 
the core but decreases monotonically with 
distance from the core. Step profiles measured 
at 5-s intervals during sublimation on Si(111) 
are shown in Fig. 1B. If the profile does not 
change as the step moves, the curves can be 
collapsed onto each other by a suitable rotation 
about the core. The results of this procedure 
(Fig. 1C) show that the profile is essentially 


Fig. 2. Sequence of 2.5 
eV dark-field LEEM im- 
ages of steps emerging 
from a dislocation on 
Si(001) during sublima- 
tion at ~1100°C. The 
images are labeled by 
the acquisition time in 
seconds. The dimer axis 
of the (2 x 1) (bright) 
phase is parallel to [110]; 
that of the (1 x 2) (dark) 
phase is parallel to 
[110]. Two steps emerge 
from the core. The lead- 
ing step is indicated in 
red and the trailing step 
in blue. The steps “un- 
wind” clockwise about 
the core. Arrows indicate 
the “step up” direction. 


[110] 
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constant and rotates about the core with a con- 
stant angular velocity. The solid curve is a fit to 
the BCF prediction, 7(8) ~ 2p, 8, with p, = 
—93 nm. Clearly, the BCF theory successful- 
ly describes step motion on Si(111) during 
sublimation. 

Step motion on Si(001) is qualitatively 
different. A sequence of LEEM images were 
recorded during sublimation at elevated tem- 
perature (1100 + 50°C) (Fig. 2). The dimer- 
row reconstruction results in two equivalent 
surface terminations, (2 x 1) and (1 x 2); the 
atomic structure of the two phases is identical, 
but the dimer rows are rotated with respect to 
each other by 90°. Our LEEM images were 
formed from the half-order diffraction spot 
belonging to the (2 x 1) phase. Under these 
dark-field (5) imaging conditions, the (2 x 1) 
phase (with dimer axes parallel to [110]) ap- 
pears bright, whereas the (1 x 2) phase (with 
dimer axes parallel to [110]) appears dark 
(11), At an atomic step, the surface termination 
changes, e.g., from (2 x 1) to (1 x 2), a con- 
sequence of the diamond crystal structure of Si. 
Thus, the change of contrast in the LEEM 
image from bright to dark indicates the po- 
sition of an atomic step on the surface. The 
screw component of the Burgers vector corre- 
sponds to two atomic-height steps. Because 
this is unstable, it breaks up into two steps 
(indicated in blue and red in Fig. 3) that meet 
at the intersection of the core with the sur- 
face. Arrows at the step indicate the “step up” 
direction. During the sublimation, the two 
steps rotate clockwise about the core with a 
period of 77 s. 

The steps clearly do not have the simple 
spiral shape predicted by the BCF model. 
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For example, the S-shaped red step at t = 39 s 
has a large positive curvature near the core but 
a negative curvature further from the core. 
Furthermore, although the step motion about 
the core is periodic, the steps do not move with 
a constant angular velocity. Between t = 48 s 
and ¢t = 58 s, the red step near the core moves 
through an angle of almost 270°, whereas it takes 
nearly 70 s to rotate through the remaining 90°. 
Movie S1 is a video sequence of motion near the 
core (/2). 

The anomalous step motion must arise from 
energetic or kinetic factors not accounted for in 
the BCF expression for the step velocity given 
in Eq. 1. In terms of the thermodynamic step 
properties—the stiffness B, and the mobility 
(13}—the Gibbs-Thomson relation can be in- 
voked to write Eq. 1 in the form 


where Au is the Si adatom chemical potential at 
the steps (per unit area) relative to that of a 


$011] (111) [710] 


2 


4 2 i) 2 4 meV/nm 
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$701} (111) [012] (197) $1101) (117) 


Fig. 3. (A) 60° slip systems in Si. The triangular 
sides define the allowed glide planes, the triangle 
edges are parallel to the allowed Burgers vectors 
for that glide plane. The right panel shows the 
equilibrium line direction &, representing a 
compromise between lowering the dislocation 
energy by shortening its length or by aligning it 
with the Burgers vector b. (B) comprted surface 
energy difference, Ay = Y1,.5 — Yo, near a 
dislocation on Si(001) for the 3 [011](111) slip 
system. The contour indicates |Ay| = 2 meV/nm?. 
The dashed lines correspond to Ay = 0. (C) 
Calculations for the three other possible slip 
systems. 
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straight step, T is the temperature, and k, is 
Boltzmann’s constant. With this growth law, the 
curvature of the step need not be a monotonic 
function of the distance from the dislocation core, 
but it should not switch its sign at any point along 
the step. That is, even if B is anisotropic, the sign 
of the curvature never changes along the step 
during growth. We therefore rule out anisotropy 
in the step stiffness as the source of the anom- 
alous behavior. 

The key difference between Si(001) and 
Si(111) is the existence of the two surface ter- 
minations on Si(001) with different surface 
stress tensors. In each phase, the surface 
stress parallel to the dimer axis, 6,, is more 
tensile than that normal to the dimer axis, o , 
(14, 15, 16). In the absence of strain, the 
surface energies of the two phases are the 
same, Ay = Y,,.5 — Y2,.; = 0. However, as Men 
et al. showed (/4), an applied strain breaks this 
symmetry and makes one domain energetically 
more favorable. LEEM investigations have 
shown that the strain due to bulk dislocations 
can also lead to asymmetric domain popula- 
tions (17). The asymmetry in the surface energy 
results in a force on the step, which tends to 
increase the area of the favored domain at the 
expense of the unfavorable one. By measuring 
the relative fraction of each phase in equilibri- 
um as a function of applied strain, Webb ef al. 
determined the stress anisotropy, 6, — 6, = 
7 eV/nm? (16). 

During sublimation, the surface is not in 
fact in equilibrium; the steps are always in 
motion. The force on the steps caused by the 
dislocation now leads to an additional term in 


Eq. 2. 
IF B 
n= -—l(Ap- ta 
las 


with the difference in surface energy between 
the phases given by (/5) 


(3) 


AY = Yix2 ~ Yax1 =(Gi~ GL) (Ey — Exx) (4) 


where €,, and €,, are the diagonal compo- 
nents of strain tensor. In principle, the strain 
tensor includes contributions from the dislo- 
cation, from the steps themselves, and from 
external sources (e.g., the sample holder). 
However, it is expected that the dislocation 
field will become more and more dominant as 
the core is approached. Thus, it will be useful 
to think in terms of a region at (or very near 
to) the core where the dislocation field is the 
only contribution that matters, a region near 
the core where the curvature term in Eq. 3 is 
also important, and an outer region where 
external strains and other experimental effects 
can strongly influence Ay, and thus modify 
the step-flow pattern. We choose the x axis 
parallel to [110] and the y axis parallel to 


[110], as shown in Fig. 2. The sign that must 
precede Ay in Eq. 3 can then easily be sorted 
out for each step by referring to Fig. 1D. If 
the surface energy of the upper side (B phase) 
is increased relative to that of the lower side 
(A phase), energy minimization will favor the 
conversion of the B phase to the A phase. 
During sublimation, an A — B step front will 
then be consumed more rapidly, while a B —> 
A front will be slowed. For the data shown 
in Fig. 2, the plus sign in Eq. 3 refers to the 
2 x1 — 1 x 2 (bright to dark, or red) step 
fronts, whereas the minus sign refers to the 
1 x 2 —2 x 1 (dark to bright, or blue) step 
fronts. 

We computed the surface strain field as- 
suming a straight dislocation intersecting the 
surface at the equilibrium angle. The lowest 
energy dislocation in the diamond crystal has 
a Burgers vector in the [110] direction with 
{111} glide planes. In the absence of extrane- 
ous bulk stresses, the equilibrium configuration 
for the dislocation is a straight line (/8) with a 
fixed angle between the normal and the 
Burgers vector (Fig. 3A). Our dynamically 
computed (19) angle of 9.880° agrees with the 
theoretical value of 9.887° to within 0.1%, es- 
tablishing the accuracy of the calculation 
(20). The specific slip system of the dislocation 
is not known a priori but, as we show below, it 
can readily be deduced from the step-flow 
behavior. 

The strain-relieving slip systems for the co- 
ordinate system shown in Fig. 2 are shown in 
Fig. 3A. The {111} glide planes form a pyra- 
mid, the edges of which correspond to the 
allowed $[110] Burgers vectors. In our ex- 
periments, we often see the dislocations glide, 
especially if the temperature is changed sud- 
denly. For the dislocation shown in Fig. 2, we 
observed the point of intersection of the core 
with the surface moving in the [110] direction, 
implying that the dislocation glide plane is 
either (111) or (111) (shaded blue in Fig. 3A). 
We have used Eq. 4 to compute Ay for the 
four possible slip systems compatible with 
these glide planes (2/) (Fig. 3, B and C). Red 
areas indicate where the (1 x 2) (dark) phase 
is favored, whereas blue areas indicate where 
the (2 x 1) (bright) phase is favored. The 
$[011](111) slip system is most consistent 
with step motion shown in Fig. 2, especially 
near the core: The (1 x 2) phase is favored in 
the first, second, and fourth quadrants, where- 
as the (2 x 1) is favored only in the third 
quadrant. 

The identification of the slip system can be 
done very convincingly when the supersatura- 
tion is small and Au < Ay. In this case, steps 
near the core are essentially straight, and Eq. 3 
simplifies to v, = Ay / k,T. In fact, for low 
enough supersaturation (or for distances close 
enough to the core), the steps will become 
trapped in regions where the magnitude of the 
Ay is small. We have created this situation 


experimentally by depositing Si during sub- 
limation. We adjust the incident Si flux so 
that step motion on the surface is minimized 
and the amount of Si evaporating is roughly 
equal to that deposited. The steps near the 
core become trapped at 177° and —80°, as 
shown in Fig. 4. It is seen that this corre- 
sponds well to the Ay = 0 contour for the 
4[011](111) slip system (Fig. 3B). This pro- 
cedure provides a direct method of experi- 
mentally determining the contours on which 
€,,, — &,, = 0, and of differentiating between 
the possible slip systems. 

At the core, where the dislocation field 
dominates, the steps are pinned in the pat- 
tern shown in Fig. 4. However, the computed 
values of Ay shown in Fig. 3 can be used to 
interpret the more interesting step dynamics in 
the region near the core (Fig. 2). The domain 
configuration at ¢ = 0 has a relatively low 
energy: The (2 x 1) phase is found in the 
third quadrant (where it is favored), and the 
(1 x 2) in the other three. As the leading (red) 
step retracts into the second quadrant, con- 
version of the (1 x 2) phase to (2 x 1) is no 
longer favorable, and the motion of the red 
step is retarded. Near the core, where Ay is 
largest, the red step actually becomes pinned, 
although further from the core it continues to 
unwind. 

At t = 20 s, the leading step moves into the 
first quadrant, converting the locally favorable 
(1 x 2) phase into the unfavorable (2 x 1) 
phase. Far from the core, this simply slows the 
advance of the leading step, but near the core 
(for r < 200 nm), Ay is so large that the step 
does not initially advance. As a result, a large 
positive curvature develops near the core (¢ = 
29 to 48 s), whereas far from the core, the 
curvature is negative. The trailing (blue) step 
shows the same behavior as it enters the third 
quadrant [1.e., = 39 s, where the (1 x 2) phase 
is unfavorable]. 

An interesting instability develops after t = 
48 s. When the trailing step enters the second 
quadrant, it speeds up, converting the un- 


Fig. 4. LEEM image of the step structure near 
the core in a background pressure of 3.5 x 
10~7 Torr disilane. Under these conditions, the 
incident Si flux nearly cancels the sublimation 
rate, and steps near the core are static. Dashed 
lines indicate the contour Ay = 0 for the 
4[011](111) slip system. 
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favorable (2 x 1) surface into the favorable 
(1 x 2). Simultaneously, the leading step slows. 
Near the core, the trailing step essentially col- 
lides with the leading step, pushing it ahead 
through the first and fourth quadrants in a 
matter of seconds. When the step pair reaches 
the boundary between the fourth and second 
quadrants, the energetics flip; now the trailing 
step slows and the leading step accelerates. At 
t= 77s, one unwinding cycle is complete, and 
the step structure near the core is the same as 
that at t = 0. 

The magnitude of Ay near the core can be 
estimated from an analysis of the pinned step 
profile. During the interval from 29 to 48 s, 
both steps develop an S-shaped profile be- 
cause the steps become pinned. Near the core, 
the supersaturation and curvature forces are 
balanced by the force arising from the dis- 
location strain field and v,, = 0. Equation 3 can 
be used to estimate the magnitude of Ay. Far 
from the core, straight steps move with a 
speed of about —30 nm/s, corresponding to Au = 
—0.7 meV/nm?, using measured values of I and 
8 (22). The radius of curvature is about p ~ 
—90 nm. For v, to vanish, Ay ~ 1.5 meV/nm?. 
As the calculations show, 100 nm from the 
core, Ay is indeed on the order of 1 to 2 meV/ 
nm? (Fig. 3). 

Given the experimental difficulty of re- 
solving what is happening very near the core, 
the above interpretation is not obvious and 
was in fact obtained by directly computing 
how steps will move in the dislocation strain 
field. We chose an arbitrary initial profile for 
the leading and trailing steps. We then used 
Eq. 3 to compute the normal velocity at each 
point on the steps, using the values for Ay 
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Fig. 5. Calculated step motion through the strain 
field corresponding to Fig. 3B. Each image is 
labeled by the time in seconds. 
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shown in Fig. 3B. For simplicity, we assumed 
that both Band I are isotropic. Measurements 
of Si(001) step dynamics suggest that, at 
1100°C, T is indeed isotropic (23) and that 
the anisotropy in B is about 25% (24). We also 
took Au to be constant. Island-coarsening 
studies have shown that steps on Si(001) are 
permeable (25) and that surface diffusion is 
fast compared with the attachment rate at steps 
(0), suggesting that spatial variations in Au 
are small for our experimental conditions. After 
computing the velocity of each point on the 
step, the step positions were updated. The pro- 
cess was repeated to compute the step motion 
about the core. After one or two revolutions, the 
transients have decayed and the computed step 
motion becomes periodic. In our calculations, 
we included the elastic interaction between 
the leading and trailing steps. This interaction, 
which prevents the steps from crossing, is im- 
portant only when the step separation is small. 
In the simulation we used the measured val- 
ues for F and B (22) and the stress anisotropy 
Ao = 7 eV/nm?, measured by Webb et al. 
(16, 24). We chose the supersaturation Au = 
—0.96 meV/nm? to give a period comparable 
to that seen in the experiment (100 s). Fi- 
nally, far from the core, the LEEM images 
show that the (1 x 2) phase is favored over the 
(2 x 1) because of a residual external strain. 
To account for this effect in the simulation 
(Fig. 5), we added a constant offset to Ay cor- 
responding to a uniform, external strain of 
0.0025%, or approximately 0.17 meV/nm?. 
Movie S2 is an animation of the computed 
step motion through the dislocation strain field 
(2). The simulation reproduces all of the fea- 
tures seen in the experiment. As the leading 
step moves into the second quadrant, it 
becomes pinned near the core and continues 
moving clockwise away from the core. 
Similarly, the trailing step gets pinned near 
the core as it enters the third quadrant. As in 
the experiment, both shapes develop the 
characteristic S profile (e.g., at tf = 63 s). 
Between ¢ = 70 and ¢ = 87 s the trailing step 
accelerates, driving the leading step forward 
by step-step repulsion through the first and 
fourth quadrants. 

We have shown that the surface strain 
field of a dislocation fundamentally influ- 
ences how surface steps move. Although the 
motion about the core is periodic, the step 
profile no longer has the simple spiral shape 
predicted by the BCF model. The demonstra- 
tion that this behavior can be understood in 
quantitative detail validates our understand- 
ing of surface-step dynamics at a new level. 
Nearly all investigations of surface strain 
fields have focused on static equilibrium step 
structures. Here, we have extended this 
analysis to step flow by explicitly considering 
how step velocities are influenced by surface 
strain. This approach allows us to understand 
how strain fields arising from dislocations or 
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other localized stress sources can affect the 
details of crystal growth. 
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paramagnetic resonance spectroscopies—to show that the metastable phase w-VOPO, is very 
sensitive to many of the reactants and products of butane oxidation. A rapid transformation from 
w-VOPO, to 5-VOPO, occurs on exposure to butane at the reaction temperature, and hence the 
metastable w-VOPO, may play a role in the formation of commercial catalysts. 


anadium phosphates (VPOs) (/) exhibit 

\ / interesting magnetochemical properties 

(2) and are catalysts for a number of re- 

actions, particularly maleic anhydride production 

(3, 4). The exact nature of the active components 

remains a matter of debate (5), partly because of 

the structural complexity of VPOs, which display 

many possible phases, both crystalline and dis- 

ordered, that can be involved at the elevated tem- 
peratures of the catalytic process (6). 
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Fig. 1. (A) In situ powder XRD 


To date, there have been few in situ studies, 
and these have shown the importance of both 
V*+ and V°+ phases (7, 8). One relevant VPO, 
-VOPO,, has received limited attention be- 
cause it is stable only at elevated temperatures, 
although its stability region (9, 70) encompasses 
the conditions used in commercial oxidation re- 
actors (6). We carried out a detailed in situ study 
using three complementary diffraction and spec- 
troscopic techniques and showed that w-VOPO, 
undergoes fast transitions in its bulk structure 
and is particularly sensitive to many reaction 
components. This observation is relevant to cur- 
rent commercial VPO catalysts for the oxidation 
of n-butane and has potential applications in 
magnetochemistry or sensors. 


VPO catalysts have been extensively studied 
(3, 4, 11), and commercial catalysts are typical- 
ly prepared from VOHPO,'0.5H,O. In many 
cases, this material is precalcined at high tem- 
peratures before being loaded into the reactor 
and exposed at elevated temperature, typically 
~400°C, to reactants [either ~1.5% butane in 
air for fixed bed reactors, ~4 to 5% butane in air 
for fluidized bed reactors, or 100% butane for 
the riser reactor (/2—14)]. The resulting catalyst 
comprises a complex mixture of (VO),P,O, in 
combination with the o,-VOPO, and 5-VOPO, 
phases (7). Coulston et al. (8) have shown that 
the presence of V°*+ appears to be essential for 
the initial activation of n-butane, an observation 
that is essentially in agreement with earlier 
temporal analysis of products—pulse reactor 
experiments (/5). To some extent, the debate 
concerning the involvement of specific VPO 
phases is complicated by the observation that 
many VPO catalysts contain substantial amounts 
of disordered material (5—7). All of these factors 
combine to make the VPO system one of the most 
challenging to study. However, most of these 
studies have used ex situ analysis, and it has been 
difficult to gain an understanding of the nature 
of the VPO structure under realistic reaction con- 
ditions. Our in situ study of metastable w-VOPO,,, 
which used techniques that explored the nature 
of the structure of the solid phases rather than 
the surface structure, shows that this VPO dis- 
plays marked sensitivity to the reactants and 
products of the reaction and may play a role in 
the formation of active VPO catalysts. 

Our initial experiments were focused on the 
synthesis of w-VOPO, from VOHPO,;0.5H,O, 
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which is the standard precursor for the current 
commercial VPO catalyst for the oxidation of 
n-butane. We prepared VOHPO,:0.5H,O using 
standard preparation methods (/4), which are 
known to form very active catalysts for bu- 
tane oxidation (/6). The VOHPO,,;0.5H,O was 
heated in dry N, (500° to 750°C for 3 hours) 
and the transformation to (VO),P,0, was 
monitored by means of in situ powder x-ray 
diffraction (XRD) [Fig. 1A and fig. S1 (/7)]. 
The (VO),P,0, was cooled to 400°C and then 
heated in air to 625°C at 10°C/min, and XRD 
patterns were recorded at 100°C intervals. Under 
these conditions, o-VOPO, was formed and re- 
mained stable after cooling to 400°C. The dif- 
fraction pattern for w-VOPO, (Fig. 1A) was in 
agreement with that previously observed (9, 0). 

@-VOPO, is known to be thermally unstable 
at temperatures below 350°C (/0), and we in- 
vestigated this transition by cycling the temper- 
ature between 400° and 25°C several times 
(Fig. 1B and figs. S1 and S2) in air and N, en- 
vironments. In both cases, o-VOPO, could be 
reversibly formed. We believe that the structure 
at temperatures below 400°C can be induced by 
the twisting of the phosphate groups to form a 
less symmetrical structure, together with increas- 
ing disorder as the temperature decreases; in the 
XRD pattern, this change appears as a broaden- 
ing and decreasing of the peak intensity. Al- 
though the phase at room temperature resembles 
5-VOPO,, the XRD patterns of 5-VOPO, and 
w-VOPO,, at room temperature have small ap- 
preciable differences that are preserved at dif- 
ferent temperatures (fig. S3); for example, note 
the position of the most intense reflection at 
21.5° 20 for m-VOPO, and the absence of the 
reflection at 23.8° 20. Concerning the struc- 
ture of @-VOPO, and 5-VOPO,, recent re- 
sults (18) have shown that 6-VOPO, is closely 
related to w-VOPO,. Both structures share 
the same three-dimensional arrangement of in- 
finite chains of distorted trans-corner sharing 
VO, octahedra. The distortion of the octahedra 
is much more pronounced than in other VOPO, 
polymorphs, because the V-O distance is much 
longer in comparison. The most notable differ- 
ence between w-VOPO, and 5-VOPO, is that 
the -VOPO, structure is disordered with 
respect to both the orientation of the phosphate 
groups and the direction of the V=O bonds 
within the chains (/0), whereas the 5-VOPO, 
structure is ordered. The difference in ordering 
may be related to the chains being straight in 
the w-VOPO, phase but having a zigzag shape 
in the 6-VOPO, phase. 

These initial observations confirm the meta- 
stable nature of w-VOPO,, as well as providing 
insights into the reactivity of this material. In- 
deed, if o-VOPO, is formed in commercial cat- 
alysts during the initial precalcination, then it 
may be reformed upon heating once it is loaded 
into a commercial reactor. This concern is not 
trivial; the catalytic performance that we mea- 
sured for a material formed from w-VOPO, as a 
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catalyst precursor for n-butane oxidation (fig. 
S4, A and B) was poor. Thus, the best industrial 
conditions also discourage w-VOPO,, formation. 

For this reason, we studied the sensitivity of 
the long-range ordering of w-VOPO, at 400°C 
under a number of chemical environments that 
would be expected during n-butane oxidation. 
Initially, we tested the stability of m-VOPO, in 
air with and without added water vapor, be- 
cause water is formed in the selective oxidation 
of n-butane to maleic anhydride. In both cases, 
w-VOPO, was stable at 400°C and no hydra- 
tion was observed (fig. S5). Next, we exposed 
o-VOPO, to three different n-butane environ- 
ments: 1.5% n-butane in air (Fig. 2A and fig. 
S6A), 3% n-butane in air (fig. S6B), and 5% 
n-butane in N, (Fig. 2B). In all of these exper- 
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iments, we first stabilized w-VOPO, in the in 
situ diffraction cell in air or N, at 400°C before 
adding the n-butane at the specified concentra- 
tion. In the 1.5% concentration of n-butane in 
air, @-VOPO, transformed rapidly to 6-VOPO,,. 
This result confirms that, under our experimen- 
tal conditions, 5-VOPO, can be obtained only 
by the effect of a reactant. Moreover, the trans- 
formation is very rapid; it occurred on the same 
time scale needed to fill the reaction cell and 
was complete within minutes. Because XRD 
examines the bulk structure, these experiments 
suggest a close structural correlation between 
o-VOPO, and 5-VOPO,. This observation is 
important because, although a single previous 
example of a rapid transformation of the bulk 
structure by exposure to a surface treatment has 
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Fig. 2. In situ XRD pattern of w-VOPO, (circles) 
after treatment at 400°C with different reactants as 
specified. Depending on the reactant, w-VOPO, may 
transform quickly to 5-VOPO, (diamonds) (A and C), 
transform slowly to 5-VOPO, (E and F), transform 
quickly into 5-VOPO, and subsequently into a 
disordered phase (B and D), or remain unaffected 
by the reactant (G). MA, maleic anhydride. 
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been reported (19), the change in oxidation state 
in our case can be assumed to be present only on 
the surface, thereby preserving the polymorphic 
nature of w-VOPO, and 6-VOPO,. Moreover, 
these data help to clarify how the metastable 
transformations of @-VOPO, occur. 

When the amount of n-butane was increased 
to 3% in air, the same effects were observed, and 
a rapid transformation to 5-VOPO, occurred. 
However, if the reaction was carried out in the 
absence of air, w-VOPO, initially transformed 
into 6-VOPO, and then rapidly converted into 
a largely disordered material (Fig. 2B). This 
transformation was accompanied by a chemical 
reduction, as confirmed by x-ray photoelectron 
spectroscopy (XPS), electron paramagnetic res- 
onance (EPR), and experiments that used a pulse 
flow reactor (17), which showed that, when 
w-VOPO, reacts with n-butane under these con- 
ditions, CO, (23%), CO (13%), and maleic an- 


hydride (64%) were observed at low conversion 
(2.2%). This evidence supports the proposal that 
the initial trigger for the structural change is the 
removal of surface lattice oxygen, which is 
replaced from the bulk structure and leads to a 
disordered material [see scheme S1 for the 
proposed transformations]. Indeed, 5-VOPO, 
and the disordered material could be transformed 
back to w-VOPO, on heating in air at 600°C. 
To establish whether the observed phase 
transitions involved interaction with reaction 
products (7), we performed further in situ pow- 
der XRD studies (Fig. 2, C and E). During 
maleic anhydride production, CO and CO, are 
often formed as nonselective byproducts, and 
acetic acid is often observed in trace amounts 
(/1). Treating w-VOPO, with CO, in N, had no 
effect (fig. S7), but CO treatment in N, or CO 
treatment in Ar led to a slow transformation 
to 6-VOPO, (Fig. 2E); the transformation com- 
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Fig. 3. Summary of w-VOPO, transformations observed between 50° and 600°C. w-VOPO, transforms 
to 5-VOPO, when exposed to a variety of reactants at 400°C. A further transformation of 5-VOPO, into 
a disordered material was observed when butane or acetic acid was added in the absence of 
oxygen. 5-VOPO, recrystallized to w-VOPO, when calcined at 600°C in air. The disordered material 
obtained in the butane experiment recrystallized to w-VOPO, when calcined at 600°C in air. w-VOPO, 
transforms irreversibly to y-VOPO, when exposed to butane in air at 600°C. 
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Fig. 4. (A) Enlargement of the Raman spectra of w-VOPO, collected during the cooling of the sample 
after exposure for 2 hours to butane in air at 400°C. During the butane treatment, only a small shift (to 
lower wave numbers) of the signal at 1084 cm~1 was observed (fig. S8B). However, when the sample 
was cooled at room temperature, the signal split in two parts, and a 5-VOPO, spectrum was obtained. 
(B) In situ EPR spectra of @-VOPO, at 400°C in air and the effect of 1.5% butane (0-, 5-, and 90-min 
exposures). Initial w-VOPO, (0 min) underwent a fast transition (5 min), which then stabilized over the 
next 90 min. 


menced at ~ 15 min and was completed after >2 
hours. Nevertheless, when acetic acid in air was 
used, the transformation was again rapid, being 
essentially complete after 5 min (Fig. 2C), and 
the resultant 5-VOPO, could be transformed back 
to w-VOPO, on heating in air at 600°C. In the 
absence of air, treatment with acetic acid again led 
to a rapid transformation to 6-VOPO, (Fig. 2D), 
but this material transformed into a largely disor- 
dered material from which m-VOPO, could not 
be reformed by subsequent heating. We propose 
that the inability to reform m-VOPO, under these 
conditions is due to a loss of lattice oxygen. 

We next investigated the stability of a-VOPO, 
toward H, and maleic anhydride. The treatment 
of w-VOPO, at 400°C in 5% H, in N, led to a 
slower transformation to 6-VOPO, with a sim- 
ilar time scale to that observed for CO (Fig. 2F), 
but no phase transition occurred when maleic 
anhydride was used (Fig. 2G). The reactivity of 
w-VOPO, versus different reactants (n-butane, 
CO, and acetic acid) and its nonsensitivity to 
maleic anhydride (structural transformations of 
w-VOPO, are shown schematically in Fig. 3) 
indicate that the effects observed were not due to 
interactions with the maleic anhydride product. 

We also used in situ laser Raman spectros- 
copy and EPR spectroscopy to study the transfor- 
mations of w-VOPO, under reaction conditions. 
The laser Raman spectrum of w-VOPO,, formed 
by heating the VOHPO,,0.5H,O precursor in the 
same way as described for the in situ powder 
XRD experiments, is shown in Fig. 1C. The Ra- 
man spectrum is similar to that of 5-VOPO,, ex- 
cept that the 1084 cm™! signal substitutes for the 
1075 and 1090 cm™! signals (/6). The effects of 
cooling and heating w-VOPO, in air on the laser 
Raman spectrum are shown in Fig. 1D. Although 
there are differences in the powder XRD pattern 
for a similar set of treatments, only subtle 
changes in the Raman spectra were detected (a 
slight but detectable shift in the band at 1084 to 
1079 cm~!). This result suggests that only the 
local V=O structure was affected by cooling. 
Similar effects on the Raman spectra were 
observed when w-VOPO, was treated with 
n-butane in air, although, in the in situ powder 
XRD experiments, the material transformed again 
to 6-VOPO,, which suggests a close structural 
correlation between 5-VOPO, and w-VOPO, 
(fig. S8, A and B). However, after the sample 
was cooled to 25°C in air, the Raman band at 
1079 cm™! clearly split into a doublet (Fig. 
4A), which is characteristic of 5-VOPO,, con- 
firming that this phase is formed under these 
conditions. 

To investigate the effects of reactants on 
the vanadium oxidation state, two samples of 
w-VOPO,, derived from precursors prepared by 
different routes, that had been cooled in air to 
25°C were investigated by XPS (fig. S9). The 
V(2p;,) peaks for both samples show the 
presence of V°+ and V*+ components, as de- 
duced from a comparison with reference binding- 
energy values. The surfaces of the two samples 
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consist of similar amounts of V*+ (24 and 
29%), with the remainder being V>+. Samples 
derived from the VPO hemihydrate that were 
heated in N, to temperatures in the range from 
550° to 750°C and cooled in N, contained no 
surface V>*+ species. 

Because the sample of m-VOPO, that was 
cooled to room temperature was found to have 
surface V*++, we investigated the transforma- 
tion of w-VOPO, using in situ EPR spectros- 
copy (Fig. 4B). The @-VOPO, was reformed 
in the EPR cell at 400°C in the presence of air. 
n-Butane was then added to the cell/catalyst, 
and the spectra were collected continuously. 
The results showed an immediate, albeit small, 
change in the X-band EPR spectrum (Fig. 4B) 
after exposure to n-butane. This change oc- 
curred within the first 5 min after n-butane ad- 
dition. After 90 min, no further change occurred 
in the spectra. This result supports the fast tran- 
sformation observed in the XRD experiments. 
Because of the poor resolution of the high- 
temperature EPR spectra, the room-temperature 
spectra of w-VOPO, and 5-VOPO, were also 
recorded at higher Q-band frequencies, in order 
to obtain more accurate spin Hamiltonian pa- 
rameters (fig. S10). Analysis of these parameters 
revealed slight differences in the crystal field 
parameters a and A (/7), indicating an in- 
creased extent of tetragonal distortion in the 
VO, units for the 8-VOPO, sample, as would 
be expected from the removal of lattice oxygen. 
Furthermore, an increased V** signal intensi- 
ty was observed for 5-VOPO, as compared to 
-VOPO, (from 1.0 to 1.2 arbitrary units), 
which is in agreement with the XPS observa- 
tion (24 to 29%, respectively). 

Based on these complementary in situ ex- 
periments, we conclude that the phase transition 
from w-VOPO, to 5-VOPO, appears to be di- 
rectly connected with the oxidizing action of 
the catalyst and its reactivity toward the gas- 
phase components. For example, n-butane and 
acetic acid rapidly induce a phase change, and 
it is known that VPOs are very reactive toward 
these materials. The effect is less pronounced 
with CO and H,, which are less potent reducing 
agents for VPOs, and maleic anhydride does 
not display any effect. 

We propose that the transition from @-VOPO, 
to 5-VOPO, is only possible with a certain min- 
imum concentration of surface oxygen vacan- 
cies, in order to facilitate the oxygen mobility 
necessary to rearrange the structure. Overall, 
this transition is clearly a reduction process, but 
it has to be considered as too small a degree 
of reduction to be a bulk process; otherwise, 
w-VOPO, and 5-VOPO, could not be consid- 
ered as polymorphs because there would have 
to be a change in stoichiometry. The experimen- 
tal evidence (that in the absence of air, 5-VOPO, 
evolves to a disordered material in which it is 
possible to regenerate to @-VOPO, only if air is 
used) can be explained by the formation of a 
large number of oxygen vacancies involving bulk 
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reduction (scheme S1). 6-VOPO, can be recrys- 
tallized to @-VOPO, when the sample is heated 
at 600°C in air, and the formation of 6-VOPO, 
from @-VOPO, occurs only with a suitable re- 
ducing agent at 400°C; although at 600°C, no 
reaction occurs in the absence of O,. These are 
indications of the metastability of the w-VOPO, 
phase, with m-VOPO, being more stable than 
5-VOPO,, at high temperatures, whereas the op- 
posite is true at 400°C. The disordered material 
can also be fully recrystallized to »-VOPO, when 
the oxygen is replaced at 600°C. 

The observation that the Raman spectrum of 
o-VOPO, is very similar to that of 5-VOPO, is 
relevant to previous in situ spectroscopic studies 
of VPO catalysts. In previous studies, the assign- 
ment of the presence of 5-VOPO, was often 
based on Raman spectroscopy. Thus, the forma- 
tion of w-VOPO, during the industrial process 
can be considered possible, particularly during 
the formation of the calcined catalyst precursor. 
Obviously, @-VOPO, cannot be involved in the 
main catalytic process because we observed its 
rapid transformation to 5-VOPO, in the pres- 
ence of the reactants, but the w-VOPO, phase 
could play an important role in the activation of 
the catalyst. For example, @-VOPO, could be 
involved in the formation of a certain amount of 
V>+ (7, 8), which is recognized to be important 
for improving the catalyst performance (/0). 
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Fluorous Nanodroplets 
Structurally Confined in an 
Organopalladium Sphere 


Sota Sato,” Junya lida, Kosuke Suzuki,? Masaki Kawano,’ Tomoji Ozeki,? Makoto Fujita’* 


The distinct properties of fluorous phases are practically useful for separation, purification, and 
reaction control in organic synthesis. Here, we report the formation of a liquid-like fluorous droplet, 
composed of 24 perfluoroalkyl chains confined in the interior of a 5-nanometer-sized, roughly 
spherical shell that spontaneously assembled in solution from 12 palladium ions and 24 bridging 
ligands. Crystallographic analysis confirmed the rigid shell framework and amorphous interior. 
Perfluoroalkanes can dissolve in this well-defined fluorous phase, whereas they can hardly dissolve 
in a surrounding polar organic solution, and their solubility (up to ~eight perfluoroalkane 
molecules per spherical complex) can be finely controlled by tuning the length of perfluoroalkyl 


chains tethered to the shell. 


fluorous phase manifests distinct solu- 
Ai properties relative to aqueous 

and common organic phases and there- 
fore proves useful for a range of separation (/—3), 
purification (4, 5), and catalyst-immobilization 
(6-8) techniques. In particular, organic synthesis 
using the fluorous phase has developed rapidly 
in recent years (9) because of its high compat- 


ibility with environmentally benign chemistry. 
Nanometer-scale fluorous environments can be 
attained within vesicles, micelles, or dendrimers 
that in turn dissolve in aqueous or organic sol- 
vents; however, the phases are often poorly de- 
fined physically and structurally (/0-J2). We 
previously showed (/3, /4) that pyridine-capped 
banana-shaped bridging ligands spontaneously 
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assembled in solution with metal ions to form 
~5-nm-diameter spherical shells. Here, we re- 
port that, by attaching a perfluoroalkyl group at 
the curvature point of the ligand, we obtained 
an M,,L,, (where M represents a metal and L a 
ligand) spherical complex whose interior is filled 
with 24 perfluoroalkyl chains (Fig. 1). The inte- 
rior of the complex can be regarded as a struc- 
turally well-confined, molecular-scale fluorous 
“droplet” (Fig. 1) that can selectively dissolve 
fluorocarbons, whereas a surrounding solution 
can hardly dissolve them. 

Ligands 1a to 1d (Fig. 1) were prepared in 
high yield from the Mitsunobu or the Williamson 
reaction of the corresponding R,,CH,CH,OH 
or R,,CH,CHL] precursor, respectively, with 2,6- 
dibromophenol, followed by Sonogashira cross- 
coupling with 4-ethynylpyridine. When a mixture 
of ligand 1a (11 jsmol) and Pd(NO,), (9.1 mol) 
in dimethyl sulfoxide (DMSO)-d, (0.70 ml) 
was heated at 70°C for 3 hours, the endofluorous 
M,,L,, complex 2a was quantitatively obtained, 
as indicated by nuclear magnetic resonance 
(NMR) spectroscopy (vide infra). Complexes 
2b to 2d were quantitatively prepared by the 
same method. 

After counterion exchange with triflate ion 
(OTF ), the M,,L,,, stoichiometry of 2a was con- 
firmed by cold-spray ionization mass spectrome- 
try (CSI-MS) (Fig. 2): From a series of prominent 
peaks of [2a-(OTf ),, + (DMSO), ]”"* (with m 
values from 8 to 14 and n values of 0 or 1), the 
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a: Re=(CF2)¢CF 
b: Re = (CF2)7CF3 
c: Re = (CF 2)gCF(CFa)o 
d: Re = (CF2)sCF3 


molecular weight was determined to be 20,276.5 
(calculated as 20,272.2). In 'H and !9F NMR 
spectra, only one set of signals was observed for 
the ligand 1a nuclei, consistent with the cubocta- 
hedron symmetry of 2a (Fig. 2). The observed 
large downfield shift of pyridine (Py) H, and 
Py, protons [Ad equal to 0.59 and 0.23 parts 
per million (ppm), respectively] is character- 
istic of pyridine-metal coordination. In !°F NMR, 
signals for the C,F,, chain were unambiguously 
assigned by !9F-!°F nuclear Overhauser effect 
spectroscopy (NOESY) and correlation spec- 
troscopy (COSY) experiments (/5). In a similar 
manner, endofluorinated M,,L,, spheres 2b to 
2d were fully characterized. The diffusion co- 
efficient of 2a to 2d, determined by diffusion- 
ordered NMR spectroscopy (DOSY) experiments 
using both 'H and !°F nuclei, was D = 4.0 x 
10-1! 40.5 x 107!! m? s~!, consistent with the 
estimated diameter of 4.3 nm (/3, 14). We also 
obtained clear atomic force microscopy (AFM) 
images for 2a to 2d that indicated diameters of 
4.9 + 03 nm (fig. $8). 

We expected that the fluorous core of 2a 
could accommodate (or dissolve) fluorinated 
compounds through fluorophilic host-guest in- 
teraction. Thus, excess perfluorooctane, 3, which 
is hardly soluble in DMSO, was suspended in 
a DMSO-d, solution of 2a (0.43 mM), and the 
mixture was stirred vigorously at room tempera- 
ture for 2 hours. Unencapsulated 3 was then 
separated by phase separation in a centrifuge, 
and the DMSO-d, solution was analyzed by '°F 
NMR (Fig. 3). In addition to the signals from the 
C,F,, chains of 2a, we observed a set of four 
signals for included guests 3. From the integral 
ratio, it was estimated that on average 5.8 mole- 
cules of 3 were accommodated by 2a. This host- 
guest ratio remained almost unchanged even 
when the experiment was carried out at different 
concentrations (2a concentrations of 0.18, 0.37, 


Fig. 1. Self-assembly of endofluorous M,,L,, molecular spheres. 


or 0.54 mM). Detailed analysis of °F NMR 
spectra showed that the signals of the terminal 
fluorine atoms in the C,F,, chain of 2a were 
shifted further upfield than internal ones: Ad 
ranged from 0.4 to 1.3 ppm for F¢* and from 
0.0 to 0.1 ppm for F'*~* (Fig. 3). On the basis 
of this finding, we assume that guest molecules 
accumulate at the core of the hollow complex. 
The guest signals are also shifted upfield 
relative to the signals of free perfluorooctane 
in CDCI, (Aé from 1.3 to 2.3 ppm). The guest, 
3, can be drawn out from the interior of 2a by 
addition of acetonitrile to the solution, because 
3 can dissolve in the mixed solvent (Materials 
and Methods). 

DOSY experiments afforded further evidence 
for the inclusion of 3 in 2a. In !°F DOSY NMR 
spectra, a single band consisting of signals from 
both 2a and 3 was observed at D = 3.2 x 1071! 
m? s_! (Fig. 3B). Because the diffusion co- 
efficient of free perfluorooctane is much larger 
(D = 13 x 107° m* s“! in CDCI,), the ob- 
served coincidence of diffusion coefficients in- 
dicates the association of 2a with 3. 

Crystallography revealed that the complex, 
2a, possesses a raw egg-—like structure, in which 
a rigid M,,L,, shell framework encloses flex- 
ible, disordered perfluoroalkyl chains that resem- 
ble a liquid (Fig. 4). Single crystals of the 2a°(3),, 
complex were obtained by slow vapor diffusion 
of ethyl acetate into a DMSO solution of 2a°(3), 
(n = 5.8). Although a conventional laboratory 
diffractometer afforded data with insufficient 
resolution to determine the structure, the use of 
synchrotron x-ray radiation provided impressive- 
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Fig. 2. (A) 1H NMR spectrum of 1a. (B) 4H and 
(C) 19F NMR spectra of 2a. (D) CSI-MS spectrum 
of 2a (CH,CN:DMSO = 19:1, OTF" salt). 
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Fig. 3. (A) *°F NMR spectra (470 MHz, DMSO-d,) 
of (top) complex 2a and (bottom) inclusion 
complex of 2a and 3 (indicated in circles). (B) 
DOSY spectrum of inclusion complex of 2a and 3. 


ly higher quality data, from which the M,,L,, 
shell framework of 2a could be refined (/6). 
The fluorous chains and the included guest, 3, 
are completely disordered and cannot be lo- 
cated in the crystallographic analysis. The shell 
framework is shown to be not spherical but 
oval, with a dimension of 4.9 nm by 4.2 nm 
(Fig. 4A). The distortion from the ideal 
spherical shape is probably induced by the 
aggregation of the fluorous chains in the shell. 

To elucidate how the host, 2a, accommo- 
dates the guest, 3, we carried out force-field 
calculations: 24 C,F,,(CH,),- side chains were 
attached to the residual oxygen atoms of the 
ligand 1a components in the crystal structure of 
2a, and only the side chains were optimized. 
The optimized structure shows that, despite the 
aggregation of the fluorous chains, a void re- 
mains at the core (Fig. 4B). Therefore, we added 
six perfluorooctane molecules to the void and 
minimized the whole structure by molecular 
dynamics simulation. Repeated, gradual anneal- 
ing from 2000 to 300 K accumulated energy- 
minimized structures 30 times. All of these 
minimized structures converged almost identical- 
ly to a structure in which the guest molecules 
interact with the terminal CF,CF,CF,- portions 
of the perfluoroalkyl side chains (Fig. 4, C and 
D). This arrangement is consistent with the 
NMR spectra that show large upfield shifts of 


SCIENCE VOL 313 


REPORTS 


Fig. 4. Molecular structure of 2a. (A) The x-ray crystal structure of the shell framework of 2a. 
C,F,3CH,- side chains at the curvature point of the ligands are disordered and could not be located. (B) 
The C,F,3(CH,),- side chains (orange) are modeled, and only the chains are optimized, by force-field 
calculations. (C and D) Six molecules of perfluorooctane (3, red) were placed at the central void of 2a, 
and structural annealing was conducted from 2000 to 300 K by molecular dynamics (MD) simulation. 
The images show one of the energy minimum structures obtained after MD simulation followed by 
force-field optimization. In (D), host 2a is represented by wire frames, whereas the accommodated guest 


molecules are represented by space-filling models. 


the signals from the terminal CF,CF,CF,- 
groups. We emphasize that the guest molecules 
3 are dissolved, rather than recognized, in a 
well-defined fluorous droplet composed of 24 
C,F,, side chains. 

Because of the well-defined, precise structure 
of the M,,L,, framework, the fluorous environ- 
ment and the void space at the core are pre- 
dictable and easily controlled by modifying the 
fluorinated side chain of the ligand. Sphere 2b 
with (CF,),CF, groups, or sphere 2c with more 
bulky (CF, ),CF(CF,), groups, accommodated a 
smaller amount of perfluorooctane (circa 2.5 
guest molecules per complexes), presumably 
due to reduced effective void volume at the core 
of the sphere. In contrast, sphere 2d, with steri- 
cally less-demanding (CF,),CF, side chains, 
evidenced no inclusion of perfluorooctane de- 
spite a larger void space in the sphere, perhaps 
because of insufficient fluorine density to de- 
fine the fluorous atmosphere. Sphere 2a included 
other fluorocarbons such as_perfluorohexane 
(~8.0 molecules per 2a) but not fluoroaromatics 
such as perfluorobenzene or perfluoronaphthalene, 
presumably because of better interaction with 
the external solvent. Further ligand tuning should 
enhance the viability of these fluorous droplets 
for mediating reaction chemistry. 
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. X-ray crystallographic analysis of 2a: The diffraction data 


were measured at 130 K [wavelength (A) = 0.6890 A] 
at Photon Factory—Advanced Ring for Pulse X-rays (PF-AR) 
of the High Energy Accelerator Research Organization 
(KEK). Space group /4/m, temperature (7) = 130 + 2, 

a = 43.970 + 0.006 A, b = 43.970 + 0.006 A, c= 
42.521 + 0.009 A, volume (V) = 82,208 + 23 A, atomic 
number (Z) = 1. Anisotropic least-squares refinement for 
the palladium atoms and isotropic refinement for the 
other atoms on 8023 independent merged reflections 
(R,¢ = 0-1329) converged at residual wR,(F2) = 0.3243 
for all data; residual R,(F) equals 0.2460 for 3472 
observed data [/ > 2o(/)], and goodness of fit (GOF) 
equals 1.965. The successful refinement of the shell 
framework is remarkable because the framework crystal- 
lographically determined occupies only 13% of the 
extraordinary large cell volume (82,208 A3). The remain- 
ing volume of 87% is occupied by severely disordered 
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perfluoroalkyl chains, guest 5, solvents, and counter ions. 
Hence the R value of 24.6% is quite reasonable given the 
size and complexity of the compound. 

17. This work was financially supported by a Grant-in-Aid for 
Scientific Research (S) no. 14103014, from the Ministry 
of Education, Culture, Sports, Science, and Technology of 
Japan. Supplementary crystallographic data for compound 


2a can be obtained free of charge (under CCDC 602076) 
by contacting the Cambridge Crystallographic Data 
Centre, 12, Union Road, Cambridge CB2 1EZ, UK; via 
their Web site [inmw.ccdc,cam.ac,uk/data_request/aT], by 
e-mail or by fax (+44 
1223 336033). We thank K. Yamaguchi and H. Masu for 
CHNS elemental analyses. 
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Triple-Bond Reactivity of 
Diphosphorus Molecules 


Nicholas A. Piro, Joshua S. Figueroa, Jessica T. McKellar, Christopher C. Cummins* 


We report a mild method for generating the diphosphorus molecule or its synthetic equivalent in 
homogeneous solution; the P, allotrope of the element phosphorus is normally obtained only 
under extreme conditions (for example, from P, at 1100 kelvin). Diphosphorus is extruded from 
a niobium complex designed for this purpose and can be trapped efficiently by two equivalents 
of an organic diene to produce an organodiphosphorus compound. Diphosphorus stabilized by 
coordination to tungsten pentacarbonyl can be generated similarly at 25°C, and in this stabilized 
form it still efficiently consumes two organic diene molecules for every diphosphorus unit. 


dichotomy exists in the chemistry of 
A group 15 elements: The stable 
molecular form of nitrogen is triply 
bonded dinitrogen, whereas the stable molecu- 
lar form of phosphorus is the tetrahedral P, 
molecule, white phosphorus (/). Only upon 
heating white phosphorus to more than 1100 K 
does the P, = 2 P, equilibrium become im- 
portant (2-4). Underlying this dichotomy is the 
tendency of nitrogen to engage in multiple 
bonding, as compared with phosphorus, for 
which the m-bond components of multiple 
bonds are relatively high in energy and quite 
reactive (5, 6). Thus, the triple bond in the at- 
mospherically abundant dinitrogen molecule is 
one of the strongest known chemical bonds (its 
bond dissociation enthalpy, D,, is 226 kcal/mol), 
whereas that in the diphosphorus molecule is 
only about half as strong (D, = 117 kcal/mol) 
(7, 8). P, is therefore known principally as an 
exotic gas-phase species of astrophysical interest 
(9), as a reactive component of plasmas generated 
in the high-temperature deposition of III/V semi- 
conductor materials (/0), and in the context of 
matrix-isolation experiments (//—/4). The use 
of P, in chemical synthesis requires a means to 
generate it in solution and under mild con- 
ditions of temperature and pressure. Accord- 
ingly, we describe a mild method that uses 
niobium chemistry as a vehicle for the gener- 
ation of diphosphorus (or a synthetic equiva- 
lent) in solution, where it may be trapped by 
suitable organic acceptors. 
Organic azides, molecules of formula 
N=N=N-R, where R is a variable organic sub- 
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stituent, are known to react with transfer of 
their nitrene moiety (N-R) to a group 5 metal 
through observable or isolable intermediates, in 
which an intact RN, molecule is complexed 
(15-17). The final products in such a nitrene 
transfer reaction are the group 5 metal imido 
and N,, gas (Fig. 1A). Diphosphorus-substituted 
analogs of organic azides, of formula P=P=N-R, 
would be a useful addition to the library of low- 
coordinate phosphorus compounds (5), and we 
wondered whether they would react analogously 
with group 5 metals to transfer nitrene while ex- 
truding the desired P, molecule (Fig. 1B). 

To synthesize such a solution-phase P,- 
generating molecular system, we created the 
phosphorus-phosphorus bond within the protec- 
tive coordination sphere of a niobium complex. 
Recently, we have used the terminal phosphide 
anion [P=Nb(N[Np]Ar),]'~ (where Np is neo- 
pentyl and Ar is 3,5-C,H,Me,) as its sodium salt 
to great advantage in assembling phosphorus- 
element bonds atop the protective Nb(N[Np]Ar), 
platform (/8, 19), and the present work is a 
logical extension of that methodology. 

The system (n?-Mes*NPP)Nb(N[Np]Ar), 
(where Mes* is 2,4,6-t-Bu,C,H,), 1, contain- 
ing the diphosphorus-substituted organic azide 
ligand bound through its P, unit to the niobium 


organic azide 


= ¢ 
N=N=N-R 


dinitrogen 
N=N 


trisanilide platform, has been obtained in 60% 
isolated yield as an orange-red solid after an 
NaCl-elimination reaction between Niecke’s 
chloroiminophosphane CIP=NMes* (20) and 
our terminal phosphide anion sodium salt, 
Na[P=Nb(N[Np]Ar),] (2). Complex 1 has 
been characterized by single-crystal x-ray 
crystallography (Fig. 2A); the structure so ob- 
tained is notable for its short P=P and P=N 
interatomic distances [2.0171(+0.0009) and 1.556 
(+0.002) A (where the error is estimated standard 
deviation), respectively], which suggest multiple 
bonding between these atoms. Characterization 
data for 1 obtained by nuclear magnetic reso- 
nance (NMR) spectroscopy (7!P, !3C, and 'H) in 
benzene-d, solution are consistent with the 
observed solid-state structure of the complex, 
with the 3!P data [doublets with a one-bond P-P 
coupling constant 'J,, = 650 Hz at a chemical 
shift, 5, of 334 and 315 parts per million (ppm)] 
being most diagnostic for the system. Alternative 
isomeric formulations of 1 may be similar in 
energy to the solid-state structure of 1, and we 
considered them in our computational studies. 
Heating a solution of complex 1 in neat 1,3- 
cyclohexadiene (1,3-CHD), the latter serving 
both as solvent and as trap for the P, unit, to 
65°C for 3 hours gave smooth and quantitative 
conversion to niobium imido 2 together with 
a single phosphorus-containing product. This 
product (3 in Fig. 2A) is characterized by a 
singlet in the 7‘P NMR spectrum at 6 = —80 
ppm. Formulation of 3 as the double Diels- 
Alder (22) adduct of P, with two equivalents of 
1,3-CHD was confirmed by its isolation in pure 
form, crystallization, and characterization by 
single-crystal x-ray crystallography (Fig. 2B). 
Although P=P double bonds, such as that of 
the bis-Cr(CO), complex of diphosphene 
PhP=PPh (23), can react with a diene to form 
a Diels-Alder adduct, double diene addition to 
two m bonds ofa P,, unit has not been reported. 
We propose that this reaction occurs in two 
steps: (i) transfer of P, to the first 1,3-CHD 


Fig. 1. (A) Reaction of an organic 
azide with a metal complex to ex- 
A trude dinitrogen while delivering a 
metal imido unit and (B) the en- 
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molecule generating unobserved intermediate 
2,3-diphosphabicyclo[2.2.2]octa-2,5-diene, 
depicted in brackets in Fig. 2A, and (ii) [4+2] 
cycloaddition of this intermediate to the second 
molecule of 1,3-CHD with endo stereoselectivity 
(selectivity such that the resulting C-C double 
bonds are proximal) (22, 24). The tetracyclic 
structure of 3 with its cofacial pair of C=C 2 
bonds is analogous to that of oligocondensed 
bicyclo[2.2.2]octenes studied as examples of 
laticyclic conjugation (25). 

The use of excess 1,3-CHD is not required 
for thermal extrusion of P, from complex 1. For 


A Age 


a © 
C13) * ®. 
MU y 
C12 


Fig. 2. (A) Heating a 1,3-CHD solution of niobium 
complex 1 results in P, extrusion and transfer into 
organodiphosphorus compound 3. Thermal ellipsoid 
representations of 1 and 2 derived from x-ray dif- 
fraction studies are included. (B) Thermal ellipsoid 
rendering of organodiphosphorus compound 3. 
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example, at 50°C in toluene-d, solution, 1 was 
observed by 'H NMR spectroscopy to decay to 
2 with first-order rate constant k = 4 x 1074 
s_!, with the appearance of imido 2 following 
the same kinetic profile. Under these conditions, 
however, no prominent signals were generated in 
the 3'P NMR spectrum of the reaction mixture, 
and the fate of the P, unit is not known. Also, 
pure 2 was obtained as golden yellow single 
crystals in 48% isolated yield following thermol- 
ysis of 1 in tetrahydrofuran (THF) solvent at 
70°C for 45 min, and was characterized by x-ray 
diffraction (Fig. 2A). Notably, P, condensation 
is known to give the red modification of phos- 
phorus, not the white phosphorus that is soluble 
and if formed would have been observed by 3!P 
NMR spectroscopy (/, 26). Dimerization of two 
P, molecules to give P, is a process forbidden 
by orbital symmetry (3) and accordingly does 
not take place under mild conditions (/, 26). 

The combined observations are consistent 
with fragmentation of 1 to give 2 along with 
transient P, that subsequently can be trapped, as 
with 1,3-CHD. It is likely that 1 undergoes 
rearrangement from its solid-state structure 1i 
(Fig. 3) to an alternative structure 1ii or 1iti, in 
which a Nb-N bond is formed, before loss of 
P,. The proposed 1 — [lii or hii] — 2 + P, 
fragmentation is the simplest scenario consist- 
ent with all the available data and finds a close 
analogy in our recent description of C=P triple- 
bond generation by unimolecular fragmentation 
of a niobium precursor (27) that has a metal- 
lacycle structure as in 1ii. 

Four possible isomeric forms of 1 (Fig. 3 and 
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nal phosphorus atom; this structure is analogous 
to that of known tantalum and vanadium 
organic azide complexes (/5—/7). In addition, 
rearrangement of 11 to 111 might be expected to 
take place through a structure such as liv. The 
highest energy isomer is lili, in which the 
PPNMes* ligand has migrated to an n°-PN 
bonding mode and incorporates a one-coordinate 
phosphorus atom. Considering the energies of 
the computationally modeled isomers, a pathway 
passing through 1ii as opposed to 1iii is preferred. 
However, coordination of a Lewis acidic metal 
fragment, such as W(CO),, to the one-coordinate 
phosphorus atom of 1iii might cause a path- 
way involving this isomer to become preferred. 
Notably, the computational study predicts, re- 
gardless of the microscopic pathway, that the 
fragmentation of 1 to 2 and P, is overall es- 
sentially thermoneutral. 

In an effort to stabilize P, in solution after 
its extrusion from the Nb(N[Np]Ar), platform, 
we investigated the possibility of its generation 
as a tungsten pentacarbonyl complex. Diphos- 
phorus is already established as a ligand in 
transition-element chemistry, but as a rule it is 
found connected to two or more metal centers 


Table 1. Model study of possible isomers of 1 and 
P, elimination. Calculations were performed at the 
BP86/TZ2P level of DFT theory using density 
functional theory methods. Art = 2,6-t-Bu,C,H,, 
Me = CH, and Ph = C,H,. E(rel), the energy of 1i 
to 1iv relative to isomer 1i. AE, the energy change 
for the fragmentation reaction of 1i. 


Table 1) have been investigated with the use of ; E(rel) 
quantum chemical calculations. The lowest en- Model omer Complex or AE 
ergy structure li corresponds to the observed °F reaction (kcal/mol) 
solid-state structure of 1 (Fig. 2A) and, on the 5 i ; 
basis of 3!P NMR shielding calculations, we ier KE Pe “ 
also assign 1i to be the structure adopted by 1 ELEN APRIPSUIILAIDEIFIS: a bes 
in solution. The next highest in energy is wf sf ae be ‘p 
structure liv, in which the PPNMes* ligand i ne me aN : 
coordinates to niobium only through its termi- ra pe MOM 
Fig. 3. Line drawings of four NMes* . 
isomeric forms of 1 investigated s—p WA “Mies 
using quantum chemical calcula- = t CHeaeu ‘i J CHptB 
tions. For simplicity, only a single tBuH,C b ' ie VBUH,C Nb. / ae 
resonance structure is drawn for N Nar N Nar 
each isomer. | NCH,-t-Bu | NCH,-t-Bu 
Ar / Ar 
Ar Ar 
1i 1ii 
Mes*N 
= 7 I 
> P——NMes* p~ 
-BUH,C Np Pe eBulH,C | pe 
. — \ mn 
Ar N Ar 
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Fig. 4. Generation and trapping of a tungsten pentacarbonyl P, complex. 


(28). Transition metal complexes of P, often 
are obtained as a result of P, activation (29), 
and white phosphorus is also known to serve as 
a P, source in organic reactions (30). We hoped 
that by binding P, to a single W(CO), fragment, 
we would stabilize it sufficiently to extend its 
lifetime in solution but still retain triple-bond 
reactivity for the diphosphorus moiety. The 
targeted reactive intermediate—in this case, 
(P,)W(CO),—has been the subject of a theo- 
retical study concluding that, in contrast to N,, 
the P, ligand preferentially binds side-on to the 
tungsten center (3/). 

The tungsten pentacarbonyl-capped phos- 
phide anion [(OC);W-P=Nb(N[Np]Ar),]!~ 
was prepared by reaction of W(CO), with 
phosphide anion [P=Nb(N[Np]Ar),]!~ and 
reacts with CIP=NMes* by means of salt 
elimination to generate 1-W(CO), (Fig. 4). 
The structure of this thermally unstable com- 
plex was confirmed spectroscopically. A pair of 
doublets at 6 = 285 and 247 ppm with 1/,, = 
730 Hz appear in the 7!P NMR spectrum of a 
benzene-d, solution at 20°C. Such a large cou- 
pling constant indicates the presence of sub- 
stantial P-P multiple bonding in 1-W(CO),. An 
alternative method for generation of 1-W(CO), 
exhibiting identical 'H and 3!P NMR spectral 
properties was to add photochemically gener- 
ated (THF)W(CO), to a solution of 1 with 
liberation of THF (Fig. 4). The former method 
is preferred synthetically due to the relative 
ease of stoichiometry control. 

At 10°C in toluene-d, solution, 1-W(CO), is 
seen to decay following clean first-order 
kinetics with a rate constant k ~ 1.9 x 1074 
s_! in the presence of 0 to 80 equivalents of 
1,3-CHD, as followed by 'H NMR spectrosco- 
py. The decay of 1-W(CO), under these 
conditions produces imido 2 together with the 
W(CO), adduct of 3. The insensitivity of the 


rate of this process to 1,3-CHD concentration 
strongly suggests that the rate-determining step 
is fragmentation to 2 and (P,)W(CO),; subse- 
quent sequential trapping of the latter by first 
one and then a second equivalent of 1,3-CHD 
(sequence not shown explicitly in Fig. 4) ac- 
counts for formation of 3-W(CO), (32). Diag- 
nostic of 3-W(CO), are a pair of 3!P NMR 
doublets at 8 = —34 and —84 ppm with 1/,, = 
340 Hz. The resonance at 5 = —34 ppm is 
assigned to the coordinated phosphorus in 
view of the flanking '8?W satellites it exhibits 
(Jyp = 230 Hz). Confirming the formulation 
of 3-W(CO)., identical spectral features were 
generated upon addition of (pyridine)W(CO), 
to a sample of 3. Additionally, 3-W(CO), was 
separated from 2, and crystals grown from ether 
were subjected to a single-crystal x-ray diffrac- 
tion study (Fig. 4). 

The W(CO),-supported variant of the P, 
generation/transfer scheme is attractive for sev- 
eral reasons. The organic diene trap, 1,3-CHD, 
need not be used in excess for efficient inter- 
ception of the putative (P,)W(CO), intermediate, 
and the fragmentation of 1-W(CO), takes place 
under ambient conditions without the need for 
heating. These features bode well for the ex- 
tension of effective P, triple-bond reactivity to a 
wide substrate array, especially given the status 
of 1,3-CHD as a relatively unreactive Diels- 
Alder diene (33). As initial evidence that the 
trapping chemistry is not limited to 1,3-CHD as 
the organic partner, we found that both cyclo- 
pentadiene and 2,3-dimethylbutadiene serve 
as efficient traps for (P,)W(CO), with pro- 
duction, respectively, of corresponding tetra- 
and bicyclic organodiphosphorus compounds 
(34, 35). Besides raising fundamental ques- 
tions about the mechanism and scope of P, 
solution chemistry, the experimental observation 
of diphosphorus transfer into organic molecules 


creates the opportunity to test diphosphine struc- 
tures such as 3 for utility as synthetic catalysts 
(36-38). 
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Discovery of a Young 
Planetary-Mass Binary 


Ray Jayawardhana”* and Valentin D. Ivanov” 


We have identified a companion to the young planetary-mass brown dwarf Oph 162225-240515. This pair 
forms a resolved binary consisting of two objects with masses comparable to those of extrasolar giant 
planets. Several lines of evidence confirm the coevality and youth of the two objects, suggesting that they 
form a physical binary. Models yield masses of ~14 and ~7 times the mass of Jupiter for the primary and 
the secondary object, respectively, at an age of ~1 million years. A wide (~240-astronomical unit) binary 
in the ultra-low-mass regime poses a challenge to some popular models of brown dwarf formation. 


rown dwarfs occupy the mass gap be- 
Be= dwarf stars and giant planets. 
Unlike stars, they are unable to fuse 
hydrogen because they have masses below the 
hydrogen-burning limit of ~0.075 solar masses 
[=75 times the mass of Jupiter (My piter)!- The 
distinction between brown dwarfs and planets 
is less clear. Some researchers draw the line 
at =13 My,yite» because objects above that 
boundary can ignite deutertum, a less abundant 
isotope of hydrogen, for a short time early in their 
life, whereas those below =13 Tupiter Cannot. The 
vast majority of the hundreds of brown dwarfs 
identified since 1995 are free-floating objects, 
but a handful are in orbit around stars, further 
blurring the distinction between brown dwarfs 
and planets. Brown dwarfs and planets are often 
lumped together as substellar objects (/). 
Among the most intriguing substellar ob- 
jects identified to date are those with masses 
comparable to extrasolar giant planets (2, 3). 
Unlike planets, these “planetary mass objects” 
(“planemos” for short), or “sub—brown dwarfs,” 
as they are sometimes called, are not bound to 
stars. Because planemos represent the lowest 
mass free-floating objects known, determining 
whether they form the same way as stars and 
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higher mass brown dwarfs will advance our 
understanding of the star-formation process. 
Some planemos appear to harbor accretion disks 
(4, 5), just like stars and brown dwarfs at young 
ages (6-8). The existence of disks around all 
three classes of objects suggests that they have 
a common origin. Binary properties of plane- 
mos could provide a more definitive test, be- 
cause some formation models predict a low 
binary frequency and a paucity of wide pairs at 
the lowest masses (9, /0). Here, we report the 
identification of a wide binary system consist- 
ing of two planemos. 

An optical /-band image of the young 
planetary-mass brown dwarf Oph 162225- 
240515 (hereafter Oph 1622-2405) (5, 11, 12), 
taken with the European Southern Observ- 
atory’s (ESO’s) New Technology Telescope 
using the ESO Multimode Instrument (EMMI), 
showed a candidate companion at a separation 
of <2”. Therefore, we obtained optical spectra 
of both objects with the Focal Reducer/low- 
dispersion Spectrograph-2 (FORS2) and near- 
infrared J.-, H-, K.-, and L’-band images with 
the Infrared Spectrometer and Array Camera 
(ISAAC) on ESO’s Very Large Telescope UT2, 
under excellent seeing conditions (/3). 

The binary is well resolved in all of our 
imaging and spectroscopic data. It has a sep- 
aration of 1.94” + 0.01” (+SD) and a position 
angle of 182.2° + 0.4° (table S1). At a distance 
of 125 pc (//), this corresponds to a projected 
separation of ~242 astronomical units (AU). 


The colors of the secondary are slightly more 
red than those of the primary (Fig. 1), con- 
sistent with its being a somewhat cooler object. 
We measured a brightness difference of 1.4 + 
0.1 magnitudes (mag) between the two objects 
in the optical J band (/3). In the near-infrared, 
we found J, = 14.65 + 0.05 (mag), H= 14.19 + 
0.05 (mag), K, = 13.66 + 0.06 (mag), and L’ = 
13.23 + 0.05 (mag) for the primary, and J, = 
15.41 + 0.05 (mag), H = 14.87 + 0.05 (mag), 
K, = 14.22 + 0.06 (mag), and L’ = 13.61 + 
0.06 (mag) for the secondary. 

By examining a variety of features (e.g., TiO 
and VO absorption troughs) as well as the 
overall shapes of the spectra in comparison to 
those of cool field dwarfs (14), we derived best- 
match spectral types of M9 for the primary and 
M9.5-L0 for the secondary (Fig. 2) (5). These 
spectral types imply effective temperatures of 
2400 and 2100 K, respectively (/5), with an 
uncertainty of +100 K. The infrared colors of 
the two components of the binary are also 
consistent with their having spectral types in 
the late M-early L range (/6). Furthermore, the 


Fig. 1. A three-color j,-H-K, image of Oph 
162225-240515AB. North is up, and East is to 
the left. The field of view is 10” x 10”, and the 
scale bar indicates 1”. The apparent separation 
of the binary is 1.94”, corresponding to 242 AU 
at a distance of 125 pc. 
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flux ratios between the primary and the 
secondary are consistent with the difference in 
their spectral types, making a strong case that 
the two are at the same distance and thus 
almost certainly form a physical binary. Given 
that Allers et al. (1) found nine brown dwarf 
and planemo candidates in an area of 1700 
square arc min in Oph, the likelihood of two 
such objects being within 2” of each other by 
chance is <2 x 10~+, strengthening the case for 
physical association. 


Fig. 2. Optical spectra | 
of the primary (A) and L 
the secondary (B) of Oph 4} 
162225-240515AB in t 
comparison with spectra r 
of cool field dwarfs (16). f 
The spectral types and key 
features are marked. F, 
corresponds to flux in ar- 
bitrary units while ) refers 
to wavelength in A. 


Ha 


A 


Fig. 3. The positions of 
Oph 162225-240515A and 
B (stars) on Hertzsprung- ta 
Russell diagrams. The y axis, 
M, corresponds to absolute 
magnitudes (scaled to a f 
distance of 10 pc) in four 
near-infrared bands—J,, 
H, K, and L’—derived ik 
from the apparent magni- | 
tudes, assuming a distance 
of 125 pc and visual ex- 
tinction A, = 0 (11). The x 
axis gives the effective 9 


M 


temperature, T,,, in kelvin. ait wA 
Also plotted are 1-million- i 
year-old (dotted lines) 
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and 5-million-year-old 
(dashed lines) isochrones 4a 
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models (17). The numbers 16% °7 
along the isochrones give 
masses in units of Jupiter u \ o6 


Tio 


We plotted the two objects on Hertzsprung- 
Russell diagrams (Fig. 3). The absolute J, H, 
K,, and L’ magnitudes were derived from the 
apparent magnitudes, assuming a distance of 
125 pe and a visual extinction 4,, = 0 (mag) 
(1). We also show the 1-million-year-old and 
5-million-year-old isochrones for very-low-mass 
objects from the widely used DUSTY00 evolu- 
tionary models (/7). This comparison to models 
yields a mass of 13 to 15 M,,, i... for the pri- 
mary and 7 to 8 M, for the secondary at 
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combines the photometric errors with estimates of the errors in the extinctions (0.1 mag in K) and the 
distances (10%), added in quadrature. The typical error in T,,. is estimated to be +100 K. 


an age of ~1 million years [consistent with the 
age of Ophiuchus (//)]. Our mass estimate for 
the primary is slightly higher than that derived 
by Allers et al. (17), because we found somewhat 
lower J,, H, and K, magnitudes; ours were more 
consistent with those in the 2-Micron All Sky 
Survey (2MASS) catalog. The two objects in- 
deed appear to be coeval, providing further 
evidence that they form a physical binary, and 
they have a mass ratio of ~0.5. The well-known 
uncertainties in the evolutionary models could 
affect the mass estimates, especially at the youn- 
gest ages and the lowest masses (/8). However, 
regardless of their absolute masses, Oph 1622- 
240S5AB is likely to be the lowest mass binary 
identified to date. 

Neither component of Oph 1622-2405AB 
has a measurable excess at near-infrared wave- 
lengths shorter than ~4 tum in comparison to 
field M9-LO dwarfs (/6), consistent with the 
spectral energy distribution for the pair in 
Allers et al. (11). The system, however, does 
show a mid-infrared excess (at wavelengths 
longer than ~6 um), which is well modeled as 
thermal emission from a dusty disk in previous 
observations with the Spitzer Space Telescope 
(/1). Given the poor angular resolution of 
Spitzer (~3” at 10 um), it is not possible to 
determine whether the excess is associated with 
one or both planemos. We detected strong 
emission in the hydrogen Ho. 6563 A line, often 
seen in young stars and brown dwarfs, from 
both components (Fig. 4), possibly originating 
in material being accreted from the disk onto 
the planemo(s) (5). The Ho equivalent widths 
are 19 + 1 and 65 + 5 A for the primary and 
the secondary, respectively. These values are 
well above those that are seen in quiescent-field 
M9-LO dwarfs (19), which strongly suggests 
that both components of the binary are young 
and that neither is a foreground/background 
dwarf. The mid-infrared excess from the 
system, previously detected with Spitzer, taken 
together with the association with the Oph 
cloud and the shapes of the gravity-sensitive 
KI and Nal features (Fig. 2) in comparison to 
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Fig. 4. Close-up of the Ho emission lines from Oph 
162225-240515A and Oph 162225-240515B. 
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field dwarfs, strengthens the case for the youth 
of Oph 1622-2405AB. 

There is no consensus yet on the origin of 
free-floating substellar objects. One possibility is 
that they form like higher mass stars, as a result 
of the turbulent fragmentation and collapse of 
molecular cloud cores (20). Another scenario, 
which has gained popularity in recent years, is 
that brown dwarfs are stellar embryos ejected 
from multiple protostellar systems (9, 10). Re- 
cent observations have attempted to distinguish 
between these scenarios by comparing the phys- 
ical properties of substellar objects with those 
of Sun-like stars. A variety of studies have shown 
that many young brown dwarfs and planemos 
exhibit infrared excesses (4, 6, 7, 17) and spec- 
troscopic signatures of accretion (5, 8), indica- 
tive of disks. However, these diagnostics are 
only sensitive to the innermost portions of the 
disk and therefore cannot test whether brown 
dwarf disks are truncated, as expected in the 
ejection scenario, as a result of close dynamical 
encounters. Recently, Scholz et al. (21) found 
evidence for >10-AU disks among ~25% of 
Taurus brown dwarfs, contrary to predictions of 
certain ejection simulations (/0), but the test is 
still somewhat indirect. 

In this context, the binary properties of sub- 
stellar objects could be among the most impor- 
tant diagnostics of their origin. In particular, 
ejection models predict a very low rate of bi- 
naries among brown dwarfs (<5%) and do not 
favor the formation of wide (>20-AU) binaries 
(9, 10). Imaging surveys of (old) brown dwarfs 
in the solar neighborhood reveal that ~15% 
are in binaries with maximum separations of 
=20 AU (22, 23). The same appears to hold 
true for brown dwarfs in star-forming regions 
and young open clusters (24, 25), with a few 
notable exceptions (26-28). The dearth of 
wide binaries is consistent with ejection mod- 
els, but the overall binary fraction is higher than 
predicted by some hydrodynamical simulations 
of that scenario (/0). 

Therefore, our identification of an ultra-low- 
mass binary with a projected separation of ~242 
AU is surprising. The high mass ratio of Oph 
1622-2405AB is consistent with the bias toward 
approximately equal mass pairs seen in the sub- 
stellar regime, but its wide separation is contrary 
to the general trend toward tighter binaries at 
the lowest masses. We propose that Oph 1622- 
2405AB is unlikely to have survived ejection 
from a multiple protostellar system because such 
a dynamical interaction would have torn apart 
a softly bound pair (9, 70). Given its fragility, a 
future close encounter with a passing star or a 
brown dwarf could still disrupt this binary. 

The lowest mass binary known previously is 
2MASSW J1207334-393254, a young ~25 
Myypiter brown dwarf with an ~8 M,,,;,., Com- 
panion at a separation of ~55 AU (28). Given 
its high mass ratio and wide separation, sev- 
eral authors have argued that this pair most like- 
ly formed as a petite version of stellar binaries 
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through cloud fragmentation, instead of the 
planetary companion forming by means of core 
accretion in a disk around the primary (29). The 
same arguments apply even more strongly to 
Oph 1622-2405AB, given that its mass ratio is 
higher and its separation is wider. This binary is 
analogous in some ways to 2MASS J11011926- 
7732383AB in Chamaeleon I with a mass ratio 
of 0.5 and a separation of 240 AU, although its 
components have higher masses of ~50 and 
~25 Myupiter (26). Thus, a successful theory of 
star formation must account for wide binaries 
composed of brown dwarfs and even planemos. 
On the observational front, the key questions are 
whether such systems are common or rare and 
whether binary properties depend on the age or 
the environment. For example, wide binaries may 
be more frequent among young brown dwarfs, 
but more systematic surveys are needed to test 
this possibility. 
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50-Ma Initiation of Hawatian-Emperor 
Bend Records Major Change in 
Pacific Plate Motion 


Warren D. Sharp?* and David A. Clague2 


The Hawaiian-Emperor bend has played a prominent yet controversial role in deciphering past Pacific 
plate motions and the tempo of plate motion change. New ages for volcanoes of the central and 
southern Emperor chain define large changes in volcanic migration rate with little associated change in 
the chain's trend, which suggests that the bend did not form by slowing of the Hawaiian hot spot. 
Initiation of the bend near Kimmei seamount about 50 million years ago (MA) was coincident with 
realignment of Pacific spreading centers and early magmatism in western Pacific arcs, consistent with 
formation of the bend by changed Pacific plate motion. 


he Hawatian-Emperor chain consists of 

| at least 129 volcanoes and stretches for 
more than 6000 km across the north- 

ern Pacific basin. The Hawaiian chain is the 


archetypal example of a hot spot track formed 
as the Pacific plate moved over a mantle mag- 


ma source (/). One of the most distinctive 
features of the chain is the Hawatian-Emperor 
bend (HEB) (Fig. 1), which has been widely 
interpreted to indicate a major change in the 
direction of Pacific plate motion based on a 
fixed-hot spot frame of reference (2). Features 
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expected to accompany such a shift in Pacific 
plate motion are lacking at 43 million years 
ago (Ma) (3), the previously accepted age of 
the HEB (4). Paleomagnetic observations show 
that the Hawaiian hot spot moved rapidly 
southward during formation of the Emperor 
chain and may have become nearly fixed 
thereafter (5, 6). It has therefore been sug- 
gested that the HEB primarily reflects cessa- 
tion of rapid hot spot motion rather than 
changed Pacific plate motion (3, 5). None- 
theless, both hot spot motion and changed 
Pacific plate motion at the HEB are indicated 
by analysis of global plate circuits (7). We 
present new ages for Hawaiian-Emperor sea- 
mounts, suggest a revised position for bend 
initiation, and develop their implications for 
the origin of the HEB. 

An extensive body of radioisotopic ages 
was developed for the islands and seamounts 
of the Hawaiian-Emperor chain during sys- 
tematic dating campaigns in the 1960s to 
1980s (4, 8). These ages confirmed an im- 
portant prediction of the hot spot hypothesis, 
showing that the volcanoes of the chain be- 
come progressively older with distance from 
the currently active hot spot under Hawaii. 
However, the early ages include many con- 
ventional K-Ar and *°Ar/3°Ar total fusion 
analyses on whole rocks that lack internal 
reliability criteria, making their accuracy dif- 
ficult to assess. Continuing improvements in 
40Ar/>°Ar extraction line-mass spectrometer 
systems and analytical protocols have re- 
duced sample size requirements and in- 
creased reliability and precision. We have 
dated individual dredged pebbles and small 
pieces of drill core by the #°Ar/??Ar method 
via broad-beam laser incremental heating 
applied to plagioclase, anorthoclase, and am- 
phibole. Even in cases where whole rocks are 
moderately to highly altered, the feldspars 
and amphiboles separated from them typi- 
cally have little or no alteration (4); thus, the 
new dates provide reliable ages where, in 
some cases, none have previously been avail- 
able (9). 

The sample collection that we have drawn 
upon has been accumulated over many years 
and includes dredged samples from seven 
cruises (9) and core from Ocean Drilling Pro- 
gram Leg 55. To date former locations of the 
hot spot as closely as possible, we have an- 
alyzed samples that can be assigned on the 
basis of their chemical compositions, miner- 
alogy, and mineral chemistry to distinctive 
stages in the development of Hawaiian-Emperor 
volcanoes (4). We report new 4°Ar/>°Ar ages 
for eight eruptive centers that have been mea- 
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sured on shield or postshield lavas with a 
single exception (Table 1). On the basis of 
geologic studies and modeling of volcanoes in 
the Hawaiian Islands, such lavas erupt while a 
volcano traverses the hot spot in ~1 million 
years (My) (/0). The duration of shield and 
postshield magmatism may be greater than in 
the Hawaiian Islands at volcanoes formed in 
segments of the seamount chain characterized 
by slower plate—hot spot motion (e.g., the 
HEB) or more widely spaced volcanoes (e.g., 
the central Emperor chain). We therefore 
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conservatively estimate that shield and post- 
shield lavas were erupted at each volcano for 
up to 2 My. We assume that dredging or deep- 
sea drilling has accessed lavas only from the 
younger half of this interval. Accordingly, we 
assign a geological uncertainty of 1 My to 
shield and postshield lavas to reflect that they 
formed somewhat after passage over the hot 
spot’s center. This geological uncertainty is 
asymmetric (occurring only on the older side 
of the measured age), is larger than the 
40Ar/3°Ar measurement errors, and was com- 
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Fig. 1. Map of the northwestern Pacific basin. Seamounts and islands of Hawaiian-Emperor chain 
are shown in blue. Small circles show locations of samples dated in this study. Gray lines show 
seafloor magnetic anomalies labeled with chrons of the geomagnetic polarity time scale. 


Table 1. Summary of weighted mean 4°Ar/??Ar ages for Hawaiian-Emperor seamounts. n = number of 
reliable ages obtained for each eruptive center; stage refers to stage of volcanism dated by analogy with 
volcanoes of the Hawaiian Islands (4); distance is measured along the chain from Kilauea (4). Ages were 
calculated using an age of 28.02 Ma for the Fish Canyon sanidine standard; decay constants, isotopic 
abundances, and criteria for reliable ages are given in (9). 


ne Age + 20 ‘i Sigge Distance from 
(Ma) Kilauea (km) 
Suiko 60.9 + 0.3 3 Shield and postshield 4860 
Koko (north) 52.6 + 0.8 1 Shield 3812 
Koko (south) 50.4 +0.1 5 Postshield 3758 
Kimmei 47.9 + 0.2 1 Postshield 3668 
Diakakuji 46.7 +0.1 3 Shield 3493 
Abbott 41.5 +03 1 Shield 3280 
Colahan 38.7 + 0.2 4 Rejuvenated 3128 
Unnamed 31.0 + 0.2 1 Postshield 2600 
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bined quadratically with measurement errors to 
give total uncertainties (table S1). The single 
rejuvenated-stage lava we have dated is readily 
distinguished from shield and postshield lavas 
(4) and has been assigned a geological uncer- 
tainty of 5 My. 

Our new ages for Hawaiian-Emperor vol- 
canoes plotted as a function of distance from 
the active Hawaiian hot spot at Kilauea 
further confirm a monotonic increase in age 
along the chain, although rates of migration 
of the volcanism vary considerably (Fig. 2). 
Such a monotonic age progression distin- 
guishes the Hawaiian-Emperor chain from 
some other Pacific seamount chains such as 
the Line Islands and Gilbert Ridge, which 
have more complex age patterns and may 
have formed in response to local lithospheric 
extension (//, /2). Mean volcanic migration 
rates increased along the Emperor seamounts 
from Detroit to Koko, slowed markedly north 
of the HEB, and remained slow and rela- 
tively uniform through the HEB and beyond. 
Rates in the southern Emperors greatly exceed 
the hot spot’s mean southward motion from 
Detroit to Koko determined from paleomag- 
netic inclination changes (4.3 + 2.3 to 5.8 + 
1.9 cm/year) (6, 13). Accelerating motion of 
the Pacific plate, the hot spot, or both are re- 
quired in the central Emperor chain, followed 
by slowing of the same at or before Koko. That 
these highly variable motions are not asso- 
ciated with deviations in the trend of the 
Emperor chain indicates that Pacific plate and 
hot spot motions must have been directed 
essentially along the trend of the chain. If so, 
the HEB cannot have been produced, as pre- 
viously suggested (3, 5), by slowing of the hot 
spot. Furthermore, if the HEB reflects primar- 
ily slower southward motion of the hot spot, 
the rate of volcanic migration should have 
slowed through the HEB as hot spot motion 
diminished. Contrary to this prediction, vol- 
canic migration through the HEB is approxi- 
mately constant within the limits of our data 
(Fig. 2). The alternative hypothesis—that the 
HEB formed primarily by Pacific plate motion 
change—is examined below in light of our 
new ages. 

The age of the HEB is critical to assessing 
its relation to other events on and around the 
Pacific plate. An age of 43 Ma for the HEB 
(4, 14) has long been accepted; however, our 
new *Ar/°Ar dates indicate older ages for 
HEB volcanoes. Moreover, the new ages re- 
veal that the HEB formed over a period of sev- 
eral million years; thus, the HEB’s age is 
critically dependent on which part of it is con- 
sidered. The 43 Ma date for the HEB was de- 
termined for its geometric apex near Diakakuji 
seamount. Initiation of the HEB occurred north 
of Diakakuji, near Kimmei seamount, where 
the chain’s trend rotates from nearly due south 
to southeasterly (4). Postshield alkalic basalt 
from Kimmei seamount yields an age of 47.9 + 
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0.2 Ma, providing a minimum age for HEB 
initiation. An age of 50.0 + 0.9 Ma, our pre- 
ferred estimate for HEB initiation, is obtained 
by interpolating Kimmei’s shield formation 
age from dated shield-stage lavas at adjacent 
seamounts (e.g., Koko’s northern eruptive 
center, Diakakuji, and Abbott seamounts) 
(Fig. 2). 

HEB initiation at 50 Ma coincided with a 
major reorganization of northern Pacific spread- 
ing centers between seafloor magnetic anom- 
alies 22 and 24 (/5), corresponding to 49 to 
53 Ma on the geomagnetic polarity time scale 
(16). Initiation of magmatism in the Izu- 
Bonin-Mariana (IBM) arc systems that extend 
for 2200 km along the western edge of the 
Pacific plate was likely marked by eruption 
of compositionally and mineralogically dis- 
tinctive volcanic rocks with ages as old as 50 
Ma (9, 17, 18). Geologic relations (/9, 20) and 
dynamic models (2/, 22) of IBM subduction 
initiation show that the IBM arcs likely orig- 
inated by nucleation of subduction along north- 
erly trending fracture or transform zones. This 
relation implies that a major shift in Pacific 
plate motion was associated with IBM ini- 
tiation. If so, Pacific plate motion would have 
become more westerly upon development of 
self-sustaining subduction along the IBM arc 
system, consistent with the Hawaiian-Emperor 
track after the HEB (23). Reorganization of 
Pacific spreading centers and reconfiguration 
of western Pacific plate margins are expected 
features of a major shift in Pacific plate mo- 
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tion (3, 15) but have previously been consid- 
ered older than the HEB. Coincident incep- 
tion of the HEB at 50 Ma therefore supports 
a causal link among onset of subduction be- 
neath the IBM arc, reorganized spreading, 
Pacific plate motion change, and formation of 
the HEB. 

Formation of the HEB by a change in Pa- 
cific plate motion has previously been con- 
sidered too rapid to be caused by buoyancy 
forces generated from mantle convection 
(24, 25), manifested primarily as slab pull (23). 
Until now, however, the time scale of HEB 
formation has not been well resolved. The 
new dates for HEB volcanoes show that for- 
mation of the HEB lasted for >8 My—that is, 
from HEB initiation (50.0 + 0.9 Ma) to erup- 
tion of shield lavas at Abbott seamount near 
the HEB’s terminus (41.5 + 0.3 Ma). HEB for- 
mation, and by inference associated Pacific 
plate motion change, was therefore considerably 
slower than previously appreciated, making it 
compatible with evolution of plate buoyancy 
forces, particularly pull from negative slab 
buoyancy expected to develop in the first 
few million years after initiation of IBM sub- 
duction (22). Early Eocene initiation of the 
>2600-km Tonga-Kermadec arc in the south- 
western Pacific may also have contributed to 
redirection of Pacific plate motion (26). In sum, 
the geometry, age, and tempo of formation of 
the HEB are broadly consistent with those ex- 
pected from changes in Pacific plate motion 
induced by the onset of self-sustaining sub- 
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Fig. 2. *°Ar/2Ar ages of Hawaiian-Emperor volcanoes plotted against distance along the chain from 
the modern hot spot at Kilauea volcano. Age errors shown include geological uncertainties, as discussed 
in the text and (9). Boxed values are volcanic migration rates for respective segments of the Hawaiian- 
Emperor chain in cm/year. Previously published ages (blue symbols) are from Duncan and Keller (29). 
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duction in early Eocene nascent arcs of the 
western Pacific. 
A key remaining question concerns the cause 
of forced convergence that modeling indicates 
was needed to kick-start IBM subduction (2/). 
The straight track of the Hawaiian-Emperor 
chain from Suiko (60.9 + 0.3 Ma) to Koko’s 
southern summit (50.4 + 0.1 Ma) does not 
record changes in the direction of Pacific plate 
motion; therefore, motion change in the Eurasian 
or Australian plates adjoining to the west may 
be indicated. Possible triggers for such change 
are the lockup of the India-Eurasia collision zone 
(4, 27), which is approximately dated by the on- 
set of major crustal shortening in that region 
at ~50 Ma (28), and rifting of Australia from 
Antarctica, leading to convergence between the 
Australian and Pacific plates (23). 
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Corridors Increase 


Plant Species 


Richness at Large Scales 
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Habitat fragmentation is one of the largest threats to biodiversity. Landscape corridors, which are 
hypothesized to reduce the negative consequences of fragmentation, have become common 
features of ecological management plans worldwide. Despite their popularity, there is little 
evidence documenting the effectiveness of corridors in preserving biodiversity at large scales. 
Using a large-scale replicated experiment, we showed that habitat patches connected by corridors 
retain more native plant species than do isolated patches, that this difference increases over time, 
and that corridors do not promote invasion by exotic species. Our results support the use of 


corridors in biodiversity conservation. 


oss of biological diversity is a leading 
threat to the sustainability of the bio- 
sphere (/) and is largely caused by hab- 


itat loss and fragmentation (2). Landscape 
corridors (strips of habitat connecting other- 
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wise isolated habitat patches) are hypothesized 
to reduce the negative effects of fragmentation 
by facilitating gene flow and the movement of 
organisms, thereby preventing local extinctions 
and increasing species diversity (3). Corridors 
have become a central feature of ecological 
management plans worldwide, but evidence of 
their effectiveness has lagged behind the push 
for their implementation (4). 

Although a number of experimental studies 
have demonstrated positive corridor effects 
on single species (5—7), few have examined 
corridor effects on entire communities. All of 
these studies were conducted at very small 
spatial scales (10 cm? to 10 m?), and taken 
together they have yielded equivocal results 
(8-11). 

We examined the long-term effect of cor- 
ridors on plant species diversity by studying 


six ~50-ha experimental landscapes at the 
Savannah River Site in South Carolina, con- 
taining both isolated and connected habitat 
patches (Fig. 1A). Each landscape consisted 
of a central patch measuring 100 m by 100 m, 
four surrounding patches 150 m away, and a 
buffer area extending >150 m from these 
surrounding patches’ furthest edges (Fig. 1A). 
One of the four surrounding patches was 
connected to the central patch by a corridor 
150 m by 25 m (the “connected” patch). The 
other three surrounding patches were equal in 
area to the connected patch plus its corridor, 
but were unconnected. These unconnected 
patches were of two types: winged and rec- 
tangular. Rectangular patches were 100 m by 
137.5 m; the additional 37.5 m relative to the 
100-m—by—100-m central patch controlled 
for the increased area provided by the con- 
nected patch’s corridor. Winged patches were 
100 m by 100 m, with two 25-m—by—75-m 
projections off of opposite patch sides to 
control for the area of the connected patch’s 
corridor and to allow examination of the elon- 
gation in patch shape associated with corri- 
dors. Winged and connected patches had equal 
edge-to-area ratios. Patch and corridor dimen- 
sions were chosen because they are within 
the range of typical U.S. Forest Service (USFS) 
management activities. Further explanation of 
the experimental design is provided else- 
where and in the supporting online material 
(6, 12). 

All plant species were surveyed in each 
patch from 2000 to 2005, except in 2004, 
when patches were burned by the USFS as part 
of restoration management (/2). Our patches 
were open habitats with young longleaf pines 
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(Pinus palustris) surrounded by dense pine 
plantations. There was a sharp contrast be- 
tween the patch habitat, which had a rich 
herbaceous understory, and the surrounding 
pine plantation matrix, which was relatively 
depauperate. Longleaf pine forests histori- 
cally dominated this region, covering >37 
million ha (Fig. 1B) (13). Over 97% of these 
forests have been lost to agriculture, pine 
plantations, and the interruption of historical 
fire regimes (/3, 14). Native longleaf pine for- 
ests are characterized by an open, productive, 
and diverse understory, with a sparse canopy 
overhead (/3, 14). They are maintained by fre- 


Fig. 1. (A) One of the A 
six experimental study 
sites at the Savannah 
River Site, South Carolina, 
USA. Patches are con- 
nected or unconnected by 
a corridor. Unconnected 
patches are either rectan- 
gular or winged. (B) The 
location of the Savannah 
River Site relative to the 
historical distribution of 
native longleaf pine for- 
est [after Outcalt and 
Sheffield (25)]. 


Unconnected 
(Winged) 


quent low-intensity fires (13, 14). Many species 
native to longleaf pine forests persisted inside 
our patch openings but were absent from the 
surrounding pine plantation matrix. 

We detected no difference in the number 
of plant species in connected and uncon- 
nected patches immediately after the creation 
of our experimental landscapes (Fig. 2A). Over 
time, connected patches became more species- 
rich, containing 20% more plant species than 
unconnected patches by the end of the study 
(Fig. 2, A and B). 

Our experimental design allowed us to 
link the beneficial effects of corridors on spe- 


Connected 


Unconnected 
(Rectangular) 


REPORTS 


cies richness directly to the connectivity pro- 
vided by corridors. Specifically, it allowed us 
to reject four alternative hypotheses about 
what generated the higher species richness in 
connected patches. First, higher species rich- 
ness was not caused by increased patch area 
or elongation, because connected patches had 
greater numbers of species than did uncon- 
nected patches (rectangular or winged) of 
equal area or equal patch elongation (winged 
patches). These results did not change when 
we removed species found in the corridor, 
wings, or the extra area of the rectangle and 
compared only the central areas (100 m by 


| 
ware, 


Savannah 
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{8 = Historica! extent of native longleaf pine forest 
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100 m) of each patch [analysis of covariance 
(ANCOVA), F, ,,; = 10.66, P < 0.01 (/2) 
(fig. S1 and table S1)], confirming that the 
area of the corridor was not driving the 
pattern. 

Second, the increased species richness in 
connected patches was not generated by dif- 
ferences in patch shape that are indepen- 
dent of connectivity (such as variation in the 
proportion of edge, altering within-patch he- 
terogeneity). Permanent vegetation plots dis- 
tributed across all parts of all patches (fig. S1) 
did not differ in species richness (repeated 
measures ANCOVA, F,,,, , = 0.64, P = 0.70) 
or evenness (repeated measures ANCOVA, 
Fo345 — 1.32, P = 0.28, table S2), and the 
degree of similarity among plots was not af- 
fected by patch shape [multi-variate analysis 
of variance (MANOVA), Pillai’s trace, F.4. = 
0.81, P = 0.57, Bray-Curtis distance; MANOVA, 
Pillai’s trace, Fog = 1.14, P = 0.37, Sorenson 
distance (/2)]. 

Third, inputs to the plant community 
from the soil seed bank cannot account for 
increased plant species richness in connected 
patches. The plant community arising from 
the seed bank after the sites were created in 
2000 was unaffected by corridors (Fig. 2A 
and table S1). Additionally, 3 years later, 
the number of species of seeds emerging 
from over 12,000 soil cores collected from 
960 plots where plant communities were 
measured remained unaffected by corridors 
[ANCOVA, F, 164 = 0.72, P = 0.50 (J2)]. 
This suggests that species in the seed bank 
were not limited by dispersal, were un- 
affected by corridors, and were not respon- 
sible for the increase in species richness we 
observed. 

Fourth, local differences in soil moisture, 
an important driver of plant species rich- 
ness in longleaf pine forests (/5), were not 
responsible for the increased species richness 
in connected patches. Soil moisture was often 
a predictor of species richness in analyses, but 
after controlling for these within-patch differ- 
ences, connectivity effects remained (/2). 

Corridor effects were apparent across the 
5 years of our study despite environmental 
variation in successional stages, annual pre- 
cipitation, and disturbance events. The in- 
fluences of these other effects were apparent 
in the annual fluctuations in species richness 
across both connected and unconnected patches 
(Fig. 2A). For example, unusually high rain- 
fall at the study area in 2003 [35% higher 
than the mean from 2000 to 2005 and 57% 
higher than in the previous year (2002)] and 
the prescribed burn in 2004 are plausible 
explanations for the increased species rich- 
ness in 2003 and 2005, respectively. Our 
study shows that despite other factors that in- 
fluence the number of plant species in any 
given year, a consistent effect of connectivity 
emerges. 


Corridors are often championed as tools to 
help preserve species of conservation con- 
cern, largely on the basis of the untested as- 
sumption that increased connectivity benefits 
native species more than it benefits common 
“weedy,” exotic, or invasive species. Our re- 
sults support this assumption. Our experimen- 
tal sites harbored many species that are native 
to longleaf pine forests (J6, 17), including 
29 species of locally rare or uncommon flow- 
ering herbs and grasses that are a part of 
restoration efforts by the USFS (/7). The spe- 
cies richness (repeated measures ANCOVA, 
Fy, = 6.62, P = 0.03, Fig. 2C) and abundance 
(repeated measures ANCOVA, F,,, = 6.12, 
P = 0.04, table $3) of these native species 
increased over time in connected versus un- 
connected patches. 

Conversely, one of the major and un- 
tested concerns about using corridors is that 
they will increase the spread of exotic spe- 
cies (18, 19). In our experiment, corridors had 
no detectable effect on the number of exotic 
species [repeated measures ANCOVA, F’, , 5 = 
2.32, P = 0.14; our definition of exotic species 
included invasive exotics (12) (Fig. 2C and 
table S4)]. Corridors similarly did not affect 
the abundance (repeated measures ANCOVA, 
F\ 9 = 0.76, P = 0.41) or proportion (repeated 
measures ANCOVA, Frias = 0.15, P = 0.70, 
table S4) of exotic species in the total species 
pool. In addition, native early-successional 
weeds that are not associated with historical 
longleaf pine forests were also not respon- 
sible for the increase in species richness we 
observed. Our results did not change when 
these species were removed (repeated measures 
ANCOVA, connectivity, F’ = 9.36, P= 
0.01, table S3). 

The most parsimonious explanation for 
the increased plant species richness we ob- 
served in connected patches is that corridors 
alter the balance among three important pro- 
cesses and interactions in ways that promote 
diversity. Corridors promote colonization by 
increasing seed deposition (6, 20), promote 
within-patch recruitment by increasing pol- 
len movement (6, 2/), and alter foraging by 
seed predators that could benefit species 
otherwise more likely to be excluded by 
seedling competition (22-24). Although in- 
dividual plant species and their interactions 
will differ in their response to corridors, the 
results reported here show that across ~300 
plant species and their countless interac- 
tions, connecting patches with corridors 
leads to a positive net effect on native plant 
species richness. By providing experimental 
evidence that corridors increase the number 
of native plant species in large-scale com- 
munities over a wide range of environmen- 
tal conditions, we show that corridors are 
not simply an intuitive conservation para- 
digm; they are a practical tool for preserv- 
ing biodiversity. 
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The merozoite stage of the malaria parasite that infects erythrocytes and causes the symptoms 
of the disease is initially formed inside host hepatocytes. However, the mechanism by which hepatic 
merozoites reach blood vessels (sinusoids) in the liver and escape the host immune system before 
invading erythrocytes remains unknown. Here, we show that parasites induce the death and the 
detachment of their host hepatocytes, followed by the budding of parasite-filled vesicles 
(merosomes) into the sinusoid lumen. Parasites simultaneously inhibit the exposure of 
phosphatidylserine on the outer leaflet of host plasma membranes, which act as “eat me” signals 
to phagocytes. Thus, the hepatocyte-derived merosomes appear to ensure both the migration of 
parasites into the bloodstream and their protection from host immunity. 


laria parasite starts when the sporozoite 

stage delivered by the mosquito reaches 
the liver and invades hepatocytes (/, 2). The 
intracellular sporozoite then differentiates and 
generates a new invasive and motile form, 
called the merozoite, which invades erythro- 
cytes. To gain access to erythrocytes, the he- 
patic merozoite must reach the lumen of the 
liver sinusoids from hepatocytes through the 
space of Disse, a layer of extracellular matrix, 
and the sinusoid endothelium. It is not known 
how hepatic merozoites reach the blood and 
avoid phagocytosis by the numerous resident 
macrophages, called Kupffer cells, which patrol 
the liver sinusoids. 

To address this issue, we first analyzed 
the terminal phase of parasite development in- 
side hepatocytes in vitro. The complete de- 
velopment of Plasmodium berghei, a species 
that infects rodents, lasts 2 to 3 days in cul- 
tured hepatoma cells and in primary mouse 
hepatocytes. The process takes place inside a 
parasitophorous vacuole, which is formed 
upon parasite entry into the host cell, and in- 
volves the differentiation of a sporozoite 
into a large multinucleated schizont and even- 
tually several thousands of merozoites. We 
first examined P. berghei maturation in vitro 
after incubation of sporozoites with the HepG2 
hepatoma cell line. At 48 hours postinfec- 
tion (hpi), parasites developed inside adher- 
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ent HepG2 cells as exo-erythrocytic forms 
(EEFs) (fig. S1). However, at 63 to 70 hpi, the 
number of adherent cells containing parasites 


Fig. 1. Detached in- 
fected cells extrude mero- 
somes, which contain 
infective merozoites. (A) 
Phase contrast image of 
infected HepG2 cells 
floating in the culture 
medium. (B) Immuno- 
fluorescence staining of 
a single floating cell 
with merozoite-specific 
antiserum (red); DNA is 
stained in blue (Hoechst 
33258). Inset shows re- 
leased merozoites at a 
higher magnification. (C 
and D) TEM and SEM of 
a single detached cell. 
(E) Disruption of the 
PVM during parasite 
merogony; green, Exp1; 
blue, Hoechst 33258. 
(F) Immunofluorescence 
image of living GFP- 
expressing parasites in 
a detached cell, demon- 
strating the budding of 
parasite-filled vesicles 
(merosomes). (G) SEM 
image of budding mero- 
somes. (H) Merosome 
formation increases with 
time. Detached cells 
were collected after the 
indicated times, immo- 
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declined sharply to ~40% of their initial 
number, although the culture supernatants con- 
tained only small numbers of free merozoites 
that would be expected from rupturing of these 
cells. Instead, large numbers of parasite-filled, 
floating cells were observed (Fig. 1, A and B). 
Examination of these detached infected cells by 
transmission electron microscopy (TEM) (Fig. 
1C and fig. S2) and scanning electron micros- 
copy (SEM) (Fig. 1D) confirmed the presence 
of normal-shaped merozoites filling the whole 
volume of the host cells. The pattern of immu- 
nofluorescence staining (3) with polyclonal 
antibodies specific for the exported protein 1 
(Exp1), a parasite protein that becomes inserted 
into the parasitophorous vacuole membrane 
(PVM), indicated disruption of the PVM (Fig. 
1E) and liberation of merozoites into the host 
cell cytoplasm. 

Unexpectedly, merozoites were also found 
within round, membrane-bound vesicles that 
were devoid of host cell nuclei and that we 
named merosomes (Fig. 1, F and G). Mero- 
somes of various sizes were formed upon 
budding from the detached host cells (Fig. 


merosome 
infected 


% parasitemia 


Time (days) 


bilized on poly-L lysine slides, fixed, and stained with the DNA dye Hoechst 33258. Nucleated cells and 
merosomes (devoid of host cell nucleus) were counted and the percentage (mean + SD) of both 
populations was calculated from three independent experiments. (I) Infection of mice with detached cells. 
Four mice received culture supernatant containing 20 to 50 detached cells/merosomes (blue lines). Four 
control mice (red lines) received an equal amount of culture supernatant without detached cells, to 
exclude the possibility that previously liberated merozoites caused infection. 
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1H). To test whether merozoites inside de- 
tached cells and merosomes were infective, 
we injected them intravenously into mice. 
Parasites were detected in the blood of all 
injected mice (Fig. 11), showing that the 
detached host cells could release infectious 
merozoites. 

To examine if merosomes were also formed 
in vivo, we injected wild-type P. berghei 
sporozoites into C57/Bl6 mice and analyzed 
liver sections for the presence of detached 
infected cells and merosomes. At 40 hpi, 
most infected hepatocytes were still closely 
connected to neighboring hepatocytes (Fig. 
2A, left), whereas at 46 hpi we detected pre- 
dominantly detached cells, or parasite-filled 
cell extensions inside blood vessels (Fig. 2A, 
right). To obtain a real-time view of the pro- 
cess of merozoite release, we injected spo- 
rozoites from different P. berghei clones 


infected cells in tissue 
in % (absolute numbers) 


mouse 1 (40 hpi) 88 (81) 
mouse 2 (40 hpi) 68 (89) 
mouse 3 (46 hpi) 20 (13) 
mouse 4 (46 hpi) 33 (33) 


that express the green fluorescent protein 
(GFP) (4, 5) into animals and monitored 45- 
to 53-hpi parasite-infected cells in the liver 
by time-lapse intravital imaging (3). EEFs 
appeared as large green fluorescent struc- 
tures in the liver parenchyma. With time, 
however, fluorescent cell extensions, pre- 
sumably corresponding to the merosomes 
seen in vitro, were observed budding from 
infected cells and reaching the blood circu- 
lation (Fig. 2, B to F, and movies S1 to S4). 
Based on the volume of individual mer- 
ozoites and of released merosomes, it was 
estimated that merosomes can contain from 
just a few to several thousand merozoites. 
Once in the circulation, merosomes usually 
appeared to remain intact for extended 
periods of time (>1 hour) and drifted at a 
much slower speed than that of circulating 
erythrocytes, suggesting that the surface of 


detached cells/merosomes 
in % (absolute numbers) 
12 (11) 
32 (41) 


80 (52) 
67 (68) 
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merosomes might interact with that of liver 
sinusoid endothelial cells. 

The process of merosome release from 
mature EEFs in the liver was next quantified 
in two distinct mouse strains (total number 
of mice, m = 8). On average, the percentage 
of budding EEFs increased between 42 and 
50 hpi from ~39 to ~52% (Fig. 2D, n = 88 
EEFs). During this time, 56% of merosomes 
were located inside sinusoids (Fig. 2, E and 
F), confirming the results of the histological 
examinations (Fig. 2A). The EEFs that were 
not seen emitting merosomes during the ob- 
servation intervals were frequently still grow- 
ing in size, suggesting that merosome budding 
might have followed the observation period. 
We conclude that merosome release from ma- 
ture EEFs is a common phenomenon that oc- 
curs in most, if not all, mature P. berghei 
liver stages, and that merosomes can ensure 


Fig. 2. Histological and real-time analysis of 
merozoite release in the liver of mice. (A) 
Histological sections showing EEFs at 40 to 46 
hpi in the parenchyma (left) and in the sinusoids 
(right), respectively. Detached cells/merosomes 
and infected cells in the liver parenchyma of four 
different mice were counted and are presented as 
the percentage of infected cells counted (absolute 
numbers are in parentheses). (B to F) Intravital 
imaging of EEF budding and merosome release 
by confocal microscopy. The GFP-expressing 
parasite is shown in green and the blood 
circulation in red (red fluorescent bovine serum 
albumen injected intravenously). White arrow- 
heads show host cell buds. The time postinfection 
(in hours) is shown in the upper-right corner. 
Bars, 15 um. (B) Time-lapse sequence showing a 
green fluorescent EEF budding merosomes inside 
a small sinusoid. The merosomes are labeled with 
a number, and the estimated number of merozoites 
(mz), calculated as the merosome volume divided by 
the merozoite volume (2.66 «m3), is shown in 
parentheses. (C) Each panel of the colored time- 
lapse sequence is a maximum projection of three 
images covering 8 um in depth. The sequence 
shows a late EEF budding a large merosome, which 
is growing while moving toward the central vein. 
The insets show the EEF lateral view (90° counter- 
clockwise rotation of y axis). As shown by the last 
two insets, the diameter of the blood vessel limits 
the size of the merosome and the transfer of 
merozoites from the EEF into the merosome. (D) 
Quantification of budding EEF in the liver of mice 
(n = 88 EEFs). (E and F) Percentage of parasites 
budding outside the nearby sinusoid versus those 
budding inside (n = 46 budding EEFs). The 
confocal images are representatives of each type 
of budding. (G) Hypothesis for the release of 
Plasmodium merozoite-filled vesicles (merosomes, 
green) from infected hepatocytes. Red blood cells 
(red) are separated from hepatocytes by endothe- 
lial cells (orange) and the space of Disse. Kupffer 
cell is in blue. 
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the direct delivery of merozoites in the blood 
circulation. 

The molecular events during cell detach- 
ment and merosome formation were next 
analyzed in vitro. Staining of the infected 
HepG? cells early after detachment with the 
nucleic acid stain Hoechst 33258 revealed 
condensation of the cell nuclei, suggesting 
that these cells were undergoing cell death 
(Fig. 3A, lower panels). Loss of mitochon- 
dria membrane potential (fig. S3) and the 
release of cytochrome c from mitochondria 
of infected cells (Fig. 3A) supported this as- 
sumption. In agreement with these obser- 
vations, electron microscopy showed that 
detached cells did not contain normal- 
shaped mitochondria (fig. S4). However, 
host cell death did not occur by classic 
apoptosis or necrosis (Fig. 3B and Fig. 4, A, 
B, and D). Activation of cysteine proteases 
other than caspases induced cell death (Fig. 
3B). Treatment of infected HepG2 cells with 
the general cysteine protease inhibitor E64 
at 55 hpi completely inhibited PVM destruc- 
tion and cytochrome c release (fig. S5), and 
no detached cells were detected in the cul- 
ture medium. When infected cultures were 
treated with E64 at 61 hpi (1 to 2 hours 
before infected cells normally detach), most 
infected cells did not detach, but a pro- 
portion of infected cells were still floating 
in the culture medium (Fig. 3B). These cells 
exhibited a different phenotype compared 
with that of untreated detached cells. The 
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PVM of E64-treated detached cells was still 
visible, and the host cell nucleus appeared 
less condensed than in untreated detached 
cells (Fig. 3C). Therefore, E64 appeared 
capable of blocking the ongoing processes 
of PVM and host cell nucleus destruction 
mediated by cysteine proteases. Other key 
differences between cell death observed in 
detached cells and apoptosis were that the 
DNA in condensed host cell nuclei was not 
fragmented (Fig. 4D and fig. S6) and that in 
the membrane of detached cells and mero- 
somes, the asymmetric distribution of phos- 
phatidylserine (PS) residues, which is 
normally a hallmark of viable cells, was 
maintained (Fig. 4, A and B, and fig. S7). 
The recognition of dead versus viable cells 
by phagocytes relies, at least in part, on 
exposure of PS on the outer leaflet of the 
membrane of dying cells (6-8), and we 
therefore analyzed how the parasite manip- 
ulates the host cell signaling machinery, 
resulting in the inhibition of the PS switch 
(3). In apoptotic cells, the PS switch is ini- 
tiated by Ca?* release from internal stores 
like mitochondria and the endoplasmic 
reticulum into the cytoplasm of the cell. 
Staining of detached, infected cells with a 
cell-permeable Ca**-indicator dye revealed 
that merozoites contained much higher 
levels of intracellular Ca?+ than host cells 
(Fig. 4B, upper panels). This suggests that 
like P. falciparum erythrocytic merozoites 
(9, 10), hepatic merozoites actively accumu- 
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merge 
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late intracellular Ca?+, which is released 
from damaged internal stores of the dying 
host cell. Ca2+ uptake by merozoites keeps 
Ca?* levels in the host cell low and inhibits 
the PS switch to the outer leaflet of the host 
cell membrane as long as the intracellular 
parasites are viable. However, forced Ca?+ 
influx in detached cells by treatment with 
the Ca?+ ionophore ionomycin induced the 
PS switch, indicating that there is not a 
general block of PS exposure in these cells 
(Fig. 4A). 

Under in vitro conditions, merozoites in 
detached hepatocytes have a restricted life- 
time. Parasite death is accompanied by DNA 
fragmentation (Fig. 4D) and Ca?+ release 
from the parasite back into the host cell 
cytoplasm, resulting in PS switch to the 
outer leaflet of the host cell membrane 
(Fig. 4, A and B, lower panel). In phagocy- 
tosis assays, ionomycin-treated PS-positive 
detached cells were more frequently en- 
gulfed by macrophages than PS-negative 
detached cells containing viable parasites 
(fig. S8). 

In marked contrast to the induction of 
cell death observed during merozoite de- 
velopment, it has recently been shown that 
early Plasmodium liver stages even con- 
fer resistance to apoptosis to the host cell 
(11, 12). However, dying EEFs were shown 
to provoke phagocyte infiltration in vivo, 
and it was suggested that these dead para- 
sites cannot protect host cells from under- 


Fig. 3. Induction of host cell death during 
merozoite formation. (A) Cytochrome c release 
from mitochondria in floating cells. Infected 
HepG@2 cells were fixed at 48 hpi (control, upper 
panels) or 63 hpi (lower panels) and stained 
with antibodies against PbExp1 or Pbhsp90 
(green) and cytochrome c (red). (B) The general 
cysteine protease inhibitor E64, but not the 
caspase inhibitor zVAD-fmk, blocks the detach- 
ment of host cells. Cultures were left untreated 
(cont.) or treated with E64 at 55 or 61 hpi, or 
with zVAD-fmk (at 55 hpi). At 65 hpi, culture 
supernatants were collected and the number of 
floating cells was determined. Results are 
expressed as the percentage of control cells 
(mean + SD). (C) Cultures were treated with E64 
at 61 hpi for 4 hours. Treated detached cells 
(lower panels) exhibit a different phenotype 
from that of untreated control cells (upper 
panels). Immunofluorescent analysis with an 
antibody against the PVM protein Exp1 (right 
panels) shows the partly preserved PVM in E64- 
treated cells (lower right panel). The structure of 
the PVM was maintained in 76% (+12%) of 
detached cells treated with E64 from 61 to 65 
hpi. DNA is stained with Hoechst 33258 (blue). 
Bars, 20 um. 
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going cell death (/2). The results obtained by 
intravital imaging indicate that the remnants of 
infected cells left behind after merosome re- 
lease could also contribute to the observed 
phagocyte infiltration. 

In conclusion, we have shown that Plas- 
modium liver-stage parasites manipulate their 
host cells to guarantee the safe delivery of 
merozoites into the bloodstream (Fig. 2G). 
Merosomes bulge into liver sinusoids and 
appear to act as shuttles that ensure the re- 
lease of living merozoites directly into the 
circulation, and by not presenting the PS 
signature of a dying cell, also act as shields 
that protect them from phagocytosis. This 
mechanism of merozoite release may in- 
crease erythrocyte invasion and parasite sur- 
vival, because extracellular merozoites are 
readily recognized and engulfed by Kupffer 
cells and other phagocytic cells in the liver 
sinusoids (1/3). The proteases that control 
cell death and cell movement of the host 
cell, as well as the factors that mediate Ca2+ 
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Fig. 4. Merosomes do not expose PS at their surface for several hours. (A) 
Detached cells were isolated at different time points and stained with Annexin V— 
fluorescein isothiocyanate and propidium iodide (see also fig. S7). The percentage 
(mean + SD) of Annexin-V-positive cells was calculated from three independent 
experiments (white bars). Detached cells treated for 1 (63 hpi) and 6 hours (68 
hpi) with ionomycin (1 g/ml) are represented by black bars (mean + SD; nd, not 
done). (B) Merozoites accumulate Ca2+ and inhibit the PS switch in the host cell 
membrane. Floating cells at 63 hpi (upper panels) and 75 hpi (middle panels) 
were stained with Fluo-4/AM (green) and Annexin-V-Alexa 568 (red). Quantitative 
assessment of Ca2+ release and PS switch (bottom panel). For each time point, 
100 to 300 cells were examined and the percentage (mean + SD) of cells with 
released Ca2+ (dark bars) and cells with released Ca2+ and PS switch (gray bars) 
was calculated. (C) Detached, Annexin-V-stained cells at 63 or 75 hpi were 
isolated with a micropipette and transferred to 24-well plates; Annexin-V—positive 
or Annexin-V-negative floating cells were separated and subsequently injected 
into mice. Mouse parasitemia were determined daily for 2 weeks [four mice 
infected with Annexin-V-positive cells (red symbols); four mice infected with 
Annexin-V-negative cells (blue symbols)]. (D) TUNEL (terminal deoxynucleotidyl 
transferase—-mediated dUTP nick-end labeling) staining of floating cells at 63 and 
75 hpi. Red, TUNEL stain; blue, Hoechst 33258 stain. In three independent 
experiments, the total number of detached cells was determined and the number 
of TUNEL-positive cells was calculated and expressed as the percentage of all 
counted cells (mean + SD). Gray bars represent TUNEL-negative detached cells, 
black bars TUNEL-positive detached cells. 


accumulation and prevent PS exposure, ap- 
pear to be essential to parasite survival. They 
might become interesting targets for inhibit- 
ing the release of Plasmodium merozoites 
from hepatocytes and thus preventing eryth- 
rocyte infection and the onset of the disease. 
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Exploiting the Reversibility 


of Natural Product 


Glycosyltransferase-Catalyzed Reactions 


Changsheng Zhang,’ Byron R. Griffith,? Qiang Fu,” Christoph Albermann,’* Xun Fu,* 


In-Kyoung Lee,?+ Lingjun Li,? Jon S. Thorson? 


Glycosyltransferases (GTs), an essential class of ubiquitous enzymes, are generally perceived as 
unidirectional catalysts. In contrast, we report that four glycosyltransferases from two distinct 
natural product biosynthetic pathways—calicheamicin and vancomycin—readily catalyze reversible 
reactions, allowing sugars and aglycons to be exchanged with ease. As proof of the broader 
applicability of these new reactions, more than 70 differentially glycosylated calicheamicin and 
vancomycin variants are reported. This study suggests the reversibility of GT-catalyzed reactions 
may be general and useful for generating exotic nucleotide sugars, establishing in vitro GT activity 
in complex systems, and enhancing natural product diversity. 


lycosyltransferases (GTs) constitute a 
(gem of ubiquitous enzymes that 

attach carbohydrate moieties to biolog- 
ical molecules (/) and thus play a role in the 
biosynthesis of oligosaccharides (2), glyco- 
saminoglycans (3), glycopeptides (4), and glyco- 
sylated anticancer and anti-infective agents (5). 
These enzymes are generally perceived as uni- 
directional catalysts that drive the formation of 
glycosidic bonds from nucleotide diphosphate 


sugar (NDP-sugar) donors and aglycon acceptors 
(6). In contrast, we report that GTs involved in 
the biosynthesis of anticancer (the enediyne 
calicheamicin, CLM) and antibiotic (the glyco- 
peptide vancomycin, VCM) natural product-based 
drugs catalyze reversible, bidirectional reactions. 
Specifically, the four GTs tested (CLM CalG1 and 
CalG4 and VCM GtfD and GtfE) were found to 
catalyze three new reactions: (i) the synthesis of 
exotic NDP-sugars from glycosylated natural 
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products, (ii) the exchange of native natural- 
product glycosides with exogenous carbohydrates 
supplied as NDP-sugars, and (iii) the transfer of a 
sugar from one natural product backbone to a 
distinct natural-product scaffold. As proof of the 
broader applicability of these new reactions, the 
GT-catalyzed production of >70 differentially 
glycosylated CLM variants and a VCM analog 
bearing both a handle for chemical diversification 
and a rare amino sugar are also reported. 

The calG1 gene was amplified from the 
genomic DNA of the CLM producer, Micro- 
monospora echinospora, and overexpressed in 
Escherichia coli, and the recombinant CalG1 
was purified to homogeneity (fig. S1) (7, 8). 
Incubation of the aglycon 1 with the surrogate 
substrate thymidine diphosphate (TDP)-B-L- 
rhamnose (Fig. 1A) in the presence of CalG1 
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Fig. 1. In vitro CalG1-catalyzed reactions. (A) The CalG1-catalyzed transfer of 
unnatural sugars to the acceptor 1. The TDP-sugars corresponding to glycosides 
2c to 2j were enzymatically generated as previously described, TDP-B-1- 
rhamnose (for 2a) was prepared via chemical synthesis, and TDP-c-p-glucose 
(for 2b) was obtained from a commercial source. (B) CalG1-catalyzed reverse 
glycosyltransfer and sugar exchange reactions. In the first step, the terminal 
3’-O-methylrhamnose unit of 2 (CLM o,!, 1 of 10 CLMs produced by 
M. echinospora) was transferred to TDP, yielding 1 and TDP-3-O-methyl-B-1- 
rhamose [3, see also (C) and (D)]. The subsequent sugar exchange involved the 
transfer of unnatural sugars (from exogenous NDP-sugars) to 1 to give 
compounds 2a to 2j. (C) Anion-exchange HPLC of CalG1-catalyzed 3 formation: 
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(i) control with 50 uM 2 and 100 uM TDP [see also (D), ii] and (ii) 50 uM 2, 
100 1M TDP, and CalG1 [see also (D), iii]. The new peak at 13 min. was isolated 
and identified as 3 by MS/MS (fig. $5). AU, absorbance units. (D) Reverse-phase 
HPLC of CalG1-catalyzed reactions: (i) 50 uM 1, 300 uM TDP-B--rhamnose, 
and CalG1; (ii) reverse glycosyltransfer control with 50 uM 2 and 100 uM TDP 
[see also (C), i]; (iii) 50 iM 2, 100 ,xM TDP, and CalG1 [see also (CQ), ii]; (iv) 50 
uM 2, 300 uM TDP-3-deoxy-c-p-glucose, and CalG1 (sugar exchange); and (v) 
50 uM 1, 300 tM TDP-3-deoxy-c-p-glucose, and CalG1. All CalG1 assays were 
performed in a total volume of 100 jl in tris-HCl buffer (10 mM, pH = 7.5) 
containing 1 mM of MgCL, and 10 1M CalG1 with incubation at 30°C for 3 to 
12 hours. HPLC parameters are described in the Materials and Methods. 
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led to the formation of a new product (Fig. 1D, 
i), characterized as 2a by liquid chromatography— 
mass spectrometry (LC-MS). Consistent with 
CalG1 as the requisite rhamnosyltransferase in 
CLM biosynthesis, no product was observed when 
CalG1 was replaced with other GTs in this assay. 
Also, substitution of TDP-o-L-rhamnose for TDP- 
B-L-+thamnose in the CalG1 assay yielded no 
product, consistent with CalG1 functioning as a 
stereospecific inverting GT. A diverse library of 
22 TDP sugars (Materials and Methods) was used 
to probe the NDP-sugar specificity of CalG1 (Fig. 
1A and fig. S2). Nine additional TDP-sugar 
substrates were converted to their corresponding 
CLM glycosides, 2b to 2j (Fig. 1A), in percent 
conversions of 27 to 62% (fig. S3). LC coupled to 
tandem MS (LC-MS/MS) of products 2b and 2d 
revealed fragmentation patterns consistent with 
attachment of the sugar to the aromatic ring of the 
substrate and were highly consistent with the 
fragmentation of naturally occurring standard 
CLM variants o.,! (2) and y,1 (5) (Fig. 2 and fig. 
S4). Cumulatively, these studies designated CalG1 
as the CLM rhamnosyltransferase, capable of 
flexibility toward diverse TDP-p- and TDP-tL-sugar 
donors. 


In an experiment designed to further ver- 
ify the regiospecificity of CalG1, CLM a,! (2) 
(Fig. 1B) and TDP-3-deoxy-a-p-glucose were 
co-incubated with CalG1 under standard 
conditions. Because the CalG1 glycosylation 
site in 2 is occupied by 3’-O-methylrhamnose 
(Fig. 1B), no reaction was expected. However, 
two new products were observed, subsequently 
identified by LC-MS as 1 and the correspond- 
ing 3-deoxyglucoside, 2e (Fig. 1D, iv and v). 
Analysis of control reactions led to the conclu- 
sion that this transformation involved a TDP- 
dependent reverse glycosyltransfer. Specifically, 
co-incubation of 2 with TDP yielded 1 only in 
the presence of CalG1 (Fig. 1D, ii and iii, and 
fig. SSA), and analysis of the same “reverse” 
reaction by anion-exchange high performance 
liquid chromatography (HPLC) (Fig. 1C) un- 
veiled the production of TDP-3-O-methyl-B-L- 
rhamnose (3) (Fig. 1B and fig. S5) in substantial 
quantity, which was absent in the control assay. 
Thus, CalG1 efficiently excised the native CLM 
3’-O-methylrhamnosyl unit in the presence of 
TDP (to provide 1 and TDP sugar 3) and, in the 
presence of a slight excess of exogenous TDP-3- 
deoxyglucose, ultimately catalyzed the formation 


CLM Library Strategy (Sugar Exchange) 


of 2c. Such CalGl-catalyzed in situ “sugar 
exchange” might offer an expeditious method 
for substituting the CLM 3’-O-methylrhamnose 
with other natural or unnatural sugars. To test this 
idea, we assayed CLM derivatives (Fig. 2) 1! (2), 
B,' (4), y,! 6), and &,' (6); dimethy hydrazide 
(DMH) Nac y (7), y,! (8), and Nac e (9); and 
“fragment IIT” (10) (9) in CalG1-catalyzed 
reactions with the 10 established CalG1 TDP- 
sugar substrates. In every case, the desired sugar- 
exchanged product was observed by HPLC (figs. 
S6 and S10) with an average sugar exchange 
conversion of 60% for the eight CLM aglycons 
in the presence of purified TDP-o-p-glucose or 
TDP-B-L-rhamnose. Notably, this simple set of 
assays led to the CalG1-catalyzed production of 
a CLM library exceeding 70 members (2a to 2), 
4a to 4j, 5a to 5j, 6a to 6j, 7a to 7j, 8a to 8j, 9a 
to 9j, and 10a and 10b) (figs. S7 and S8) and 
thereby highlights the combinatorial power of 
GT-catalyzed sugar exchange. 

Given that GT-catalyzed sugar exchange ac- 
tivity proceeds via an established NDP-sugar inter- 
mediate, we hypothesized that GTs could also be 
used to harvest an exotic sugar from one natural- 
product scaffold and transfer it to a different 
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Fig. 2. Strategy for the construction of a CLM library by CalG1-catalyzed 
sugar exchange. The general strategy involved the CalG1-mediated exchange 
of the natural 3’-O-methylrhamnose (highlighted in red) in CLMs o.,! (2), B,! 
(4), y,' (5), and 8,!' (6) and DMH Nac y (7), y,! (8), and Nac € (9) with 
sugars supplied via the 10 established CalG1 NDP-sugar substrates (fig. 
2A). In addition, fragment III (10) was also converted to the rhamnoside 
and glucoside to cumulatively provide 72 diversely functionalized CLM 
derivatives. For this study, CLMs 2 and 4, 5, and 6 are natural metabolites, 
whereas 7, 8, 9, and 10 are chemically modified CLM derivatives. A typical 
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CalG1 sugar exchange reaction contained 50 1M aglycon (2 and 4 to 10), 
300 uM NDP sugar, and 10 uM CalG1 in a total volume of 100 wl in tris- 
HCl buffer (10 mM, pH = 7.5) containing 1 mM of MgCl, at 30°C for 3 
hours. HPLC parameters are described in the Materials and Methods, and 
chromatograms for representative reactions are provided in fig. 56. The 
structures of all library members are illustrated in fig. $7, and conversion 
rates are provided in figs. S8 and S10. It should also be noted that CalG4 
can excise the aminopentosyl units (highlighted in blue) from 4, 5, 6, and 8 
for sugar or aglycon exchange. 
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aglycon in a single reaction. This permutation of 
GT catalysis would avoid the often-complex 
synthesis of highly functionalized NDP-sugars 
(10). The assays designed to test this idea 
contained CalG1, a putative 3’-O-methylrhamnose 
donor—4, 5, 6, 7, 8, or 10 (Fig. 2}—TDP, and the 
representative acceptor 1. In each case, the simul- 
taneous excision and in situ transfer of 3’-O- 
methylrhamnose from each respective donor 
to 1 was observed, yielding the expected 3’-O- 
methylrhamnosylated product 2 (fig. S9). In 
comparison, controls lacking either CalG1 or 
TDP gave only starting materials. Thus, in situ 
aglycon exchange reactions can extend the po- 
tential diversity accessible by CalG1. 

The reversibility of the CalG1-catalyzed sugar 
exchange and aglycon exchange transformations 
described above raised the question as to whether 
other GT systems would exhibit similar behavior. 
Thus, three additional GT-catalyzed reactions 
were examined for reversibility: those of CalG4 
(the putative CLM aminopentosyltransferase), 
GtfD, and GtfE (the VCM vancosaminyl- and 
glucosyltransferase, respectively) (7, //—J3). 
CalG4 was produced in a similar fashion as 
CalG1 (fig. S1) (7, 8). In the presence of TDP, 


Fig. 3. VCM GT-catalyzed re- A 
verse and aglycon exchange 
reactions. (A) GtfD-catalyzed 
aglycon exchange reaction to 
provide 2’-vancosaminyl-6- 
azidoglucosyl-VCM (15). The 
TDP-B-1-vancosamine (12) for 


this reaction was generated in HOW A\ 


situ by a GtfD-catalyzed reverse 
glycosyltransfer and subsequent- 

ly transferred to the unnatural 
6-azidoglucose—containing de- 

rivative 14 to give compound 

15 in 27% conversion (fig. 

$13). The reaction was per- 

formed in a total volume of 

100 jl in tricine-NaOH buffer 

[75 mM Tricine, pH = 9.0, 2.5 

mM MgCl, 2.5 mM tris (2- 
carboxy ethel)-phosphine, and 

1 mg/ml bovine serum albumin 

(BSA)] containing 100 uM 11, B 
100 pM 14, 1 mM TDP, and 12 

uM GtfD. (B) A two-component 
GT-catalyzed aglycon exchange 

reaction using two diverse nat- 

ural product scaffolds. In this os 
one-pot reaction, TDP-6-azido-o- HO. 
p-glucose (16, provided by GtfE- ° 
catalyzed reverse glycosyltransfer Hd 
from sugar donor 14) served as 
the NDP-sugar donor for the 
CalG1-mediated attachment of 6- 
azidoglucose to CLM 1, yielding @ & 
2f in 48% conversion (fig. S14). 
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CalG4 catalyzed the excision of the aminopen- 
tose sugar moiety (Fig. 2, highlighted in blue) 
from sugar donor CLM derivatives 4, 5, 6, and 8 
(fig. S11). CalG4 also catalyzed in situ aglycon 
exchange, transferring the excised aminopentoses 
from donors 4, 5, 6, and 8 to the exogenous 
aglycon acceptor 1 in the presence of TDP with 
conversions ranging from 19 to 69% (fig. $12). 
In comparison, controls lacking TDP (even in 
the presence of alternative NDPs) or CalG4 gave 
only starting materials. Besides identifying 
CalG4 as the aminopentosyltransferase involved 
in CLM biosynthesis, these results confirm that, 
in contrast to the previously proposed uridine 
diphosphate (UDP) sugar pathways (14), CLM 
aminopentose biosynthesis proceeds via a TDP- 
sugar pathway. Additionally, this study demon- 
strates that the reversibility of GT catalysis is not 
unique to the CalG1 reaction. 

To extend these studies beyond enediyne 
scaffolds, we overexpressed and purified the 
VCM GTs GtfD and GtfE as previously de- 
scribed (//). Similar to the CLM GTs, GtfD 
catalyzed the excision of L-vancosamine from 
the parent sugar donor VCM (11) to form pseu- 
doaglycon 13 (Fig. 3A). In a separate aglycon 
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exchange reaction, GtfD catalyzed the transfer of 
L-vancosamine from 11 to the unnatural acceptor 
14 (/3) to give 15, a VCM analog containing 
both a sugar-appended azido handle for chemo- 
selective ligation and a vancosaminyl moiety 
(27% conversion) (Fig. 3A and fig. $13). Like- 
wise, the glucosyltransferase GtfE could also 
catalyze sugar excision from both 13 and the 
unnatural sugar donor 14. Consistent with an 
equilibrium only moderately favoring the glyco- 
side product in the GtfE-catalyzed reaction, the 
equilibrium constant (K,.) was determined to be 
4.5 (fig. S14). GtfE could also participate in 
aglycon exchange, as revealed by the GtfE- 
catalyzed generation of unnatural NDP-sugar 16 
for CalGl-catalyzed glycosyltransfer to the 
enediyne acceptor 1 in a tandem, one-pot, GtfE- 
CalGl-catalyzed aglycon exchange reaction 
(Fig. 3B). With an overall conversion of 48%, 
this transformation highlights the potential of 
two-GT systems to mediate aglycon exchange 
between compounds from different natural pro- 
duct classes (fig. S15). 

The exploitation of GT-catalyzed reaction 
reversibility may facilitate the use of glyco- 
sylation as a tool to modulate the activity of 
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10 uM GtfE, and 10 1M CalG1 in a total volume of 100 j1l in tris-HCl buffer (10 mM, pH = 7.5) containing 1 mM of MgCL, at 30°C for 3 hours. For Fig. 3, 
detailed assay and HPLC parameters and chromatograms are provided in the Materials and Methods. 
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A Classical 


B NOP-Sugar Synthesis 


Fig. 4. Schematic of glycosyltransferase catalysis. (A) The classical GT-catalyzed sugar transfer from an NDP- 
sugar donor to an acceptor to form a glycosidic bond. Although the acceptor nucleophile in these reactions 
is most often oxygen (X=O), GTs are also known to catalyze the formation of N-, S- and even C-glycosidic 
bonds. (B) NDP-sugar synthesis via reverse glycosyltransfer. (C) The GT-catalyzed sugar exchange reaction to 
exchange native natural product sugar appendages with alternative sugars supplied as exogenous NDP- 
sugars. (D) A generalized scheme for an aglycon exchange reaction wherein a sugar is excised from one 
natural product (as an NDP-sugar) and subsequently attached to a distinct aglycon acceptor. In this reaction, 
the interchange of aglycons from a single natural product class is generally accomplished via one GT, 
whereas the interchange of aglycons from different compound classes requires multiple GTs. 


therapeutically important natural products (5). 
For example, before this work, only two methods 
for differentially glycosylating CLMs were 
available: pathway engineering and total synthe- 
sis. Whereas the former has proven to be a 
powerful derivatization tool for certain natural 
products (/5), the stringent genetic limitations 
of the CLM-producing M. echinospora has ren- 
dered this approach impractical (7). Alter- 
natively, reworking previously reported CLM 
syntheses to provide efficient divergent routes 
to the >70 CLM analogs reported herein is also 
likely impracticable (16-18). With respect to 
rare NDP-sugars, the demonstrated in situ gen- 
eration of TDP-B-L-vancosamine (12) (Fig. 3A) 
herein is an advance over reported synthetic 
methods that required seven linear steps to 
achieve an overall yield of less than 7%, 
originating from the same starting material, 
VCM (10). The CLM-derived TDP-3-O-methyl- 
B-L-rhamnose (3) (Fig. 1B) and the three TDP- 
N-alkylaminopentoses (derived from donors 4, 
5, 6, and 8) (Fig. 2 and fig. S11) have not been 
previously synthesized, and therefore direct com- 
parisons to other synthetic routes are not pos- 
sible (19-21). 

Although Glaser and Brown described the 
reversibility of the native chitin synthetase re- 
action in one of the first reports of in vitro GT 
activity (22), the perception of GT catalysis has 
remained one of unidirectionality, transforming 
NDP-sugar and aglycon substrates into glycoside 
products (Fig. 4A) (23-28). In contrast, this study 
uncovered reversibility in reactions catalyzed by 
both previously uncharacterized GTs (CalG1 and 
CalG4) and well-studied GTs (GtfD and GtfE) 
(JJ-13). Consistent with an equilibrium only 


moderately favoring glycoside formation (K,, = 
4.5 for GtfE), these model GT-catalyzed reac- 
tions could be modulated via simple adjustments 
in relative substrate concentrations. Glycosyltrans- 
fer reversibility could be exploited to synthesize 
valuable rare NDP-sugars (Fig. 4B), exchange 
one sugar on a core scaffold for another (Fig. 
4C), or transfer sugars from one scaffold to 
another (Fig. 4D), suggesting GT catalysis to be 
of greater versatility and utility than was pre- 
viously appreciated. 
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Structural Asymmetry of AcrB 
Trimer Suggests a Peristaltic 


Pump Mechanism 


Markus A. Seeger,”?* André Schiefner,2*+ Thomas Eicher,! Francois Verrey,” 


Kay Diederichs,” Klaas M. Pos*+ 


The AcrA/AcrB/TolC complex spans the inner and outer membranes of Escherichia coli and serves 
as its major drug-resistance pump. Driven by the proton motive force, it mediates the efflux of 
bile salts, detergents, organic solvents, and many structurally unrelated antibiotics. Here, we 
report a crystallographic structure of trimeric AcrB determined at 2.9 and 3.0 angstrom resolution 
in space groups that allow asymmetry of the monomers. This structure reveals three different 
monomer conformations representing consecutive states in a transport cycle. The structural data 
imply an alternating access mechanism and a novel peristaltic mode of drug transport by this type 


of transporter. 


rug resistance during infection or can- 
D« treatment is often caused by the 

overproduction of efflux transporters, 
leading to decreased levels of antibiotics or che- 
motherapeutics inside the cells (J, 2). Drug- 
efflux transporters can be of the ABC type that 
use the free energy of adenosine triphosphate 
(ATP) hydrolysis, or they can be secondary trans- 
porters that use the proton motive force to ener- 
gize the extrusion of drugs. ABC-type transporters 


Fig. 1. Main structural A 
differences of the AcrB 
monomers. (A) The three 
AcrB monomers shown 
in top view as cylinder 
presentation in blue (L), 
yellow (T), and red (O) 
are superimposed onto 
the symmetric AcrB tri- 
mer model depicted in 
transparent gray. In the T 
monomer (yellow), a hy- 
drophobic pocket is de- 
fined by phenylalanines 
136, 178, 610, 615, 
617, and 628; valines 
139 and 612; isoleucines 
277 and 626; and tyro- 
sine 327 at the PN2/PC1 
interface. (B) Structural 
changes in the putative 
proton translocation site. 
Conserved residues D407, 
D408 (TM4), and K940 
(TM10) in the three mono- 
mers (L, blue; T, yellow; 
O, red) are depicted with 
2Fo-Fc electron density 
maps contoured at 0.5 o 
() or 1 © (I and O) as 
viewed from the cyto- 
plasm. In the L and T 
monomers, the same con- 
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are predominantly found in eukaryotes, whereas 
in prokaryotes the main drug-efflux systems func- 
tion as Ht/drug exchangers. In Gram-positive 
bacteria, drug resistance is often conferred by 
members of the major facilitator superfamily (3). 
In Gram-negative bacteria, however, resistance- 
nodulation-cell division (RND) type efflux 
pumps play a dominant role (/, 4). Structures 
of the primary membrane transport proteins 
bacteriorhodopsin (5—7) and the Ca?*+-ATPase 


REPORTS 


(8) in different conformations allowed to es- 
tablish hypotheses about a solute transport path- 
way. Transport of solutes by secondary carriers 
of the major facilitator superfamily [LacY (9) 
and GlpT (/0)] and the glutamate transporter 
homolog Glt,,, (J/—/3) is likewise expected to 
depend on major structural conversions (/4). 
The first structure of the RND pump AcrB 
was obtained at 3.5 A resolution from crystals 
grown in a trigonal space group assigned as 
R32 (15-18). An AcrB monomer contains 12 
transmembrane a helices (TM1 to TM12) (fig. 
Sl). TM4 and TM10 are surrounded by the 
other transmembrane helices of the monomer 
and harbor the residues D407, D408 (TM4), 
and K940 (TM10), which appear to play an es- 
sential role in proton translocation (/6, 19). The 
periplasmic part of AcrB consists of the TolC 


‘nstitute of Physiology and Zurich Centre for Integrative Human 
Physiology (ZIHP), University of Zurich, Winterthurerstrasse 
190, Ziirich, Switzerland. "Department of Biology, University of 
Konstanz, Universitatsstrasse 10, M647, D-78457 Konstanz, 
Germany. “Institute of Microbiology, Swiss Federal Institute of 
Technology (ETH), Ziirich, Switzerland. 


*These authors contributed equally to this work. 

tPresent address: Department of Molecular Biology, BCC206, 
The Scripps Research Institute (TSRI), 10550 North Torrey 
Pines Road, La Jolla, CA 92037, USA. 

+To whom correspondence should be addressed. E-mail: 


mpos@access.unizn.c 


formation is observed, whereas in the O monomer, K940 forms a salt bridge with D407. This interaction seems to be stabilized by hydrogen bonding of 1978 
(TM11). To restore the geometry as it appears in the L monomer, proton uptake is anticipated. 
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docking domain (DN and DC subdomains), 
which is located farthest from the membrane 
plane, and the pore domain, composed of sub- 
domains PN1, PN2, PCl, and PC2. The TolC 
docking domain, on which TolC has been shown 
to dock coaxially (20), exhibits a funnel-like 
structure narrowing to a central pore located in 
the pore domain. The central pore structure 
consists of three o helices (designated pore heli- 
ces) donated by the PN1 subdomains of each 
AcrB monomer. Near the membrane plane, the 
central pore leads to a central cavity, and fur- 
ther to a 35 A wide transmembrane hole de- 
fined by the ringlike arrangement of the TM 
helices of the trimer, which was proposed to be 
filled with phospholipids (/6). Three vestibules 
at the monomer interfaces located just above 
the membrane plane lead toward the central 
cavity. The current hypothesis about the mech- 
anism of transport envisions the diffusion of 
substrates via the transmembrane domains and 
vestibules into the central cavity and the open- 
ing of the central pore to allow the transport of 
the substrates through AcrB toward TolC (2/) 
and export to the external medium (/6, 22). 
Large changes were postulated to be associated 
with this transport function, which was tenta- 
tively termed “elevator mechanism” (/7), but 
remained elusive because of a lack of structural 
information. 


Fig. 2. Visualization of 
tunnels in the pore do- 
main of the AcrB peri- 
staltic drug efflux pump. 
Each monomer shows a 
tunnel penetrating the 
periplasmic part in a 
distinct manner. The 
tunnels are highlighted 
as green surfaces in a 
ribbon model of the 
AcrB trimer. The upper 
panels shows the side 
view and the lower 
panels the top view of 
the AcrB trimer. (A) In 
the L monomer (blue), 
the tunnel starts at the 
lateral cleft (PC1/PC2 
interface) ~15 A above 
the membrane plane ex- 
tending halfway toward 
the center (pore) of the 
trimer. (B) In the T mono- 
mer (yellow), the tun- 
nel extends diagonally 
upward through the pore 
domain (PN1/PN2 inter- 
face) toward the pore in 
the center of the trimer. 
(C) With the conversion 
from T to O, the PC1/PC2 


cleft closes because of the conformational change of the PC2 subdomain and 
leads to complete closure of the tunnel laterally. Moreover, tilting of the PN1 
subdomain in the O monomer creates an exit pathway toward the funnel and TolC. 


Here, we define the structural changes that 
constitute the basis of solute transport by AcrB. 
To gain structural insight into the mechanism of 
transport by AcrB, crystals belonging to mono- 
clinic (C2, 2.9 A resolution) and triclinic (P1, 
3.0 A resolution) space groups were grown, and 
complete data sets with good statistics were 
measured (table S1). Previous functional inter- 
pretations (/6—18, 23) were based on the trig- 
onal crystal form, which harbors a trimer with 
exact three-fold symmetry. In this crystal form, 
models with good geometry and low crystallo- 
graphic R factor have not been reported so far. 
Our subsequent analysis revealed that those 
crystals that appeared to be R32 suffered from 
merohedral twinning and were in fact twinned 
R3 crystals with noncrystallographic sym- 
metry (table S1). A high twinning fraction 
results in a blurred electron density, which 
cannot be computationally deconvoluted, and 
explains the difficulties encountered with the 
trigonal crystal form. We therefore analyzed 
the data from the untwinned C2 and P1 crystal 
forms containing three and six monomers 
corresponding to one and two nonsymmetric 
trimers, respectively. 

The structures of these three independently 
obtained asymmetric trimers are very similar 
(table S2); distances given below refer to the 
asymmetric trimer from the well-diffracting C2 


crystal form. Its atomic model (Fig. 1) was re- 
fined to R factors of R = 22.6 % (Ry... 26.7 %) 
(table S1). It is substantially more complete 
than the model based on the trigonal crystal 
form and contains one consecutive chain of 
amino acids 2 to 1033 in two monomers and of 
amino acids 2 to 1045 in the third monomer. 
The C-terminal amino acids 1034 to 1057 (1046 
to 1057) are unassigned as a result of missing 
electron density. 

At root mean square deviations (RMSD) 
between 2.1 and 3.1 A (table S2), the mono- 
mers of a trimer structurally deviate from each 
other much more than can be expected from 
monomers obeying noncrystallographic sym- 
metry (Fig. 1 and fig. $2). One monomer ap- 
pears not to be constrained by interaction with 
its neighbors, and its conformation is therefore 
termed loose (L). Another exhibits an opening 
from the inside of the pore domain toward the 
funnel of the AcrB trimer, and its conformation 
is designated as open (O). In this monomer, the 
PN1 subdomain is tilted toward and tightly 
interacts with the neighboring monomer’s PN1 
and PN2 subdomains. This interaction imposes a 
constraint on the conformation of the neighboring 
monomer, which we label tight (T). The confor- 
mation of the L monomer is closest (RMSD of 
0.9 A) (table $2) to that of the symmetric AcrB 
monomer model, whereas the T and O monomers 


The location of the hydrophobic binding pocket in the T monomer (yellow) is 
indicated in each conformation by a black circle. Only in the T monomer is this 
binding pocket accessible for substrates. 
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differ significantly from it (RMSD of 1.8 and 
3.0 A, respectively) (table S2). 

The largest structural changes are located in 
the pore domain of the trimer, whereas in the 
TolC docking domain, including the inter- 
monomer connecting loops, no major structural 
differences are detected (fig. S2). A prominent 
feature of the AcrB trimer is the periplasmic 
central “pore,” composed of PN1 subdomain a 
helices (Fig. 1A). Compared with the orienta- 
tion of the other PN1 subdomains, the PN1 
subdomain of the O monomer is considerably 
tilted (~12°) toward the PN1 and PN2 sub- 
domains of the T monomer (Fig. 1A). A syn- 
chronous reorientation of the PC2 subdomain 
mediated through an antiparallel B-sheet (NB2- 
CB 13) interaction (fig. S1) in the O monomer 
reduces the distance between the PC2 subdo- 
main and the membrane plane by more than 
6.5 A (figs. S2 and $3). A coil-to-helix tran- 
sition and bending of the helical N-terminal part 
of TM8 appears to be associated with this large 
conformational change. This part of TM8 adopts 
a coil conformation in the L monomer and forms 
an intermediate conformation in the T monomer 
and a kinked helix in the O monomer (fig. S3B). 
In the T monomer, the PC2 subdomain does not 
change in comparison to the L-monomer confor- 
mation, most probably because the PN1 sub- 
domain (and therefore the PC2 subdomain) is 
locked because of interaction with the O mono- 
mer’s PN1 subdomain (Fig. 1A). A contraction 
of the T monomer is observed as a result of the 
movement of its TM helices (except TM2) of 
up to 3 A toward its periplasmic part (fig. S2) 
and appears to be induced by the upshift of 
the PN1 subdomain of the T monomer be- 
cause of interaction with the PN1 subdomain 
of the O monomer (Fig. 1). From the PN1 
subdomain, the upshift is transduced to TM3 
and TM4 by two parallel B sheets, NB1’ and 
NB16 (fig. S1). 

The structural changes in the T monomer 
create a hydrophobic pocket in the PN2/PC1 
subdomain interface (Fig. 1A), which is not 
present in the L and O monomers. We suggest 
that the hydrophobic pocket located on the T 
monomer may supply a substrate binding pock- 
et inside the pore domain (Fig. 1A). 

Visualization of cavities within the protein 
revealed large tunnels in the pore domain of all 
three monomers (Fig. 2). The width of these tun- 
nels would be sufficient to accommodate solute 
molecules transported by AcrB. In the L and T 
monomers, a large, laterally accessible pathway 
is present about 15 A above the membrane 
plane. In vivo, AcrA (24) is expected to protect 
the lateral exit against direct contact with the 
periplasm (16, 25, 26). In the T monomer, the 
tunnel leads to residues of the O monomer 
PN1 subdomain, which operates as a plug for 
the tunnel exit. In the O conformation, the 
tilting of the PN1 subdomain opens an exit 
pathway from the binding pocket toward the 
funnel of AcrB. Because of the simultaneous 
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structural change of the PN1 and PC2 sub- 
domains, the lateral entrance of the tunnel 
observed in the L and T monomer is com- 
pletely closed in the O monomer and determines 
the direction of substrate transport toward the 
funnel (Fig. 2C). 

The asymmetric structure of AcrB suggests 
that the three monomer conformations represent 
consecutive states of a transport cycle. A pos- 
sible drug-transport mechanism can be pro- 
posed if a cycling of each monomer through the 
conformations L, T, O, and back to L is as- 
sumed. The PN1 subdomains, including the 
pore helices, might play the role of a ratchet pin 
that enforces the order of the conformational 
changes. The PN1 conformational change from 
O to the L monomer causes the loss of strong 
interaction with the PN1 and PN2 subdomains 
of the T monomer and enables the conversion 
of the PN1/PC2 subdomains from T to the O 
monomer conformation. Consequently, bound 
substrate in the T monomer would be squeezed 
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out of the hydrophobic pocket located at the 
interface of the PN2/PC1 subdomains during 
the transition to the O monomer conformation. 
The conversion of the PN1 subdomain of the T 
monomer into the tilted conformation of the O 
monomer also reestablishes strong interaction 
with the PN2 subdomain of the L monomer and 
induces conformational changes leading to for- 
mation of the binding pocket at the PN2/PC1 
interface (Fig. 1) and the change from the L to 
the T monomer conformation. 

This sequence of events creates a pathway 
for the efflux of drugs through the tunnels with 
a transport mechanism that is analogous to that 
of a peristaltic pump and is schematically dis- 
played in Fig. 3. Diffusion of substrate within 
the tunnel is limited by an occlusion site whose 
position migrates toward the funnel, effectively 
guiding the substrate toward TolC. The unspe- 
cific nature of transport implied by such a mech- 
anism could account for the observed broad 
substrate specificity of the AcrA/AcrB/TolC 


Fig. 3. Schematic representation of the AcrB alternating site functional rotation transport mechanism. The 
conformational states loose (L), tight (T), and open (O) are colored blue, yellow and red, respectively. (A) 
Side-view schematic representation of two of the three monomers of the AcrB trimer. AcrA and TolC are 
indicated in light green and light purple colors, respectively. The proposed proton translocation site (D407, 
D408, and K940) is indicated in the membrane part of each monomer. (B) The lateral grooves in the L 
and T monomer indicate the substrate binding sites. The different geometric forms reflect low (triangle), 
high (rectangle), or no (circle) binding affinity for the transported substrates. The PN1 subdomains 
(including the pore helices) located in the middle of the model are highlighted and form the corners of an 
asymmetric triangle (white) to indicate the communication between the monomers. In the first state of the 
cycle, a monomer binds a substrate (acridine) in its transmembrane domain (L conformation), 
subsequently transports the substrate from the transmembrane domain to the hydrophobic binding 
pocket (conversion to T conformation) and finally releases the substrate in the funnel toward TolC (O 
conformation). The conversion from the O-monomer to the L-monomer conformation is suggested to be 
the major energy-requiring (proton motive force-dependent) step in this functional rotation cycle and 
requires the binding of a proton to the proton translocation site (D407, D408, and K940) from the 
periplasm. The conversion from the T monomer to the O monomer is accompanied by the release of a 
proton from the proton translocation site to the cytoplasm. AcrA can be expected to participate in the 
transduction of the conformational changes from AcrB to TolC, which results in the opening of the TolC 
channel and the facilitation of drug extrusion to the outside of the cell. 
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pump as well as for the transport of small mol- 
ecules such as hexane (27, 28). It is therefore 
proposed that besides the specific binding in the 
hydrophobic pocket of the T monomer, unspe- 
cific diffusion of small substrates through the 
observed tunnels occurs. Substrate transport 
from the membrane domain to the periplasmic 
tunnel might be via a lateral pathway, including 
the TM8/TM9 groove and the AcrA/AcrB 
interface. Recent reports (25, 26) substantiate 
the close interaction between AcrA and AcrB 
(or of the homolog proteins MexA and MexB) 
in the tripartite complex, and we therefore 
anticipate conformational changes of AcrA 
coupled to those of AcrB. On the other hand, 
our structure does not support substrate trans- 
port through the central pore, as implied by 
the elevator mechanism (/4, 17), because ac- 
cess of substrates from the central cavity to the 
funnel is prohibited by the small diameter of 
the pore. 

As AcrB is energized by the proton-motive 
force, transient protonation of titratable groups 
within the transmembrane domain of the pro- 
tein can be expected to be the mechanism that 
delivers the energy required for the conforma- 
tional changes described above. Indeed, we 
observe a prominent K940 (TM10) side-chain 
reorientation away from D408 and toward 
D407 (both on TM4) in the O conformation 
(Fig. 1B) and a bulging of TMS toward TM4 
and TM10, strengthening the hypothesis that 
this part of the transmembrane domain is cen- 
tral to proton binding and release (J6, 19). As 
thoroughly investigated in the case of bacterio- 
rhodopsin (5—7, 29), side-chain rearrangements 
(Fig. 1B) can leverage global conformational 
changes of the magnitude we observed for TM8 
(fig. S3), involving reversible tilts of helices 
and the transient change of kinks and bulges in 
the main chain. We speculate that, in the case 


of AcrB, subtle changes in the transmembrane 
part (TM4 and TM10) produce the large 
conformational changes in the pore domain 
ultimately resulting in drug efflux. Different 
from what has been suggested for LacY (30) 
and EmrE (3/), the proton and substrate 
translocation in AcrB appear to be spatially 
separated. 

We have proposed a possible transport mech- 
anism that, based on a functional rotation of 
the trimer, creates a peristaltic pump mechanism 
in each monomer (Fig. 3). Our model merges 
Jardetzky’s alternate access pump (32) with the 
rotating site catalysis of F,F,-ATPase (33, 34) 
and suggests a working hypothesis for the trans- 
port mechanism of RND transporters. 
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CYK-4/GAP Provides a Localized 
Cue to Initiate Anteroposterior 
Polarity upon Fertilization 


Noah Jenkins,* Jennifer R. Saam,* Susan E. Mangot 


The Caenorhabditis elegans anteroposterior axis is established in response to fertilization by sperm. Here 
we present evidence that RhoA, the guanine nucleotide—exchange factor ECT-2, and the Rho guanosine 
triphosphatase—activating protein CYK-4 modulate myosin light-chain activity to create a gradient of 
actomyosin, which establishes the anterior domain. CYK-4 is enriched within sperm, and paternally 
donated CYK-4 is required for polarity. These data suggest that CYK-4 provides a molecular link between 
fertilization and polarity establishment in the one-cell embryo. Orthologs of CYK-4 are expressed in 
sperm of other species, which suggests that this cue may be evolutionarily conserved. 


any organisms depend on sperm entry 
M: polarize the one-cell embryo. In 
C. elegans, sperm establish the an- 
teroposterior axis and lead to asymmetric dis- 


tribution of PAR-3 and PAR-6 to the anterior 
cortex (/). The prevailing view is that sperm 
modulate actomyosin contractility, which in- 
duces cortical flow toward the nascent anterior 


pole, thereby pulling PAR-3 and PAR-6 ante- 
riorly (2-4). Two models could account for how 
contractile forces become asymmetric. One 
possibility is that sperm entry generates a phys- 
ical disruption in the actomyosin network, 
enabling the network to pull away from the site 
of sperm entry. Alternatively, a component of 
sperm could control actomyosin contractility 
while leaving the network physically intact. 
Here we describe a sperm-donated factor that 
controls the actomyosin cytoskeleton and ante- 
rior PAR localization. 

Our previous studies demonstrated that the 
guanosine triphosphatase (GTPase)-activating 
protein (GAP) cyk-4 was critical to polarize 
epithelia (5, 6). To investigate the role of cyk-4 
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during polarization, we examined the fertilized 
embryo, a well-characterized model for polarity 
(2). Antibody staining revealed that CYK-4 
was dramatically enriched in sperm (64 out 
of 64 embryos examined) (Fig. 1, A and B). 
Inactivation of cyk-4 by RNA interference 
(RNAi) indicated that staining was specific 
and RNAi effective (fig. S1) (7). Upon fer- 
tilization, CYK-4 could be detected at the 
posterior cortex of the one-cell embryo of both 
wild-type embryos and embryos lacking mater- 
nal CYK-4 (Fig. 1, C to K, and figs. S2 and $3) 
(7). We observed paternal CYK-4 in punctate 
structures, derived from sperm membranous 
organelles (MOs) and often associated with the 
sperm pronucleus (8). Based on nuclear mor- 
phology, paternal CYK-4 remained associated 
with the cortex and MOs during meiosis and 
the onset of polarity, a period of about 30 min 
(Fig. 1, C to K) (2). 

To determine whether cyk-4 was important 
for polarity, we examined anterior PAR pro- 
teins using green fluorescent protein (GFP) 
reporters in cyk-4(RNAi) embryos (Fig. 2, A 
and B) (7). In wild-type embryos, PAR-6::GFP 
was confined to 47% of egg length at the time of 
pronuclear meeting. In cyk-4(RNAi) embryos, 
PAR-6::GFP expanded to 87% of egg length, 
and endogenous PAR-3 was observed through- 
out the cortex (table S1 and fig. S4). These data 


Fig. 1. CYK-4 is enriched in sperm. (A and B) 
Endogenous CYK-4 (red) localizes within sperm, which 
are costained with the membranous organelle marker 
1CB4 (green) (8, 25); DNA is blue. Paternal CYK-4 
in embryos (C to K): embryos that are maternally 
cyk-4(RNAi) but paternally CYK-4+. [(O, (F), and (\)] 
before meiosis; [(D), (G), and (])] undergoing meio- 
sis Il; [(E), (H), and (K)] post meiosis, with polarity 
initiation. Paternal CYK-4 is at the posterior cortex 
(arrows) and in membranous organelles (arrowheads). 
Anterior is left and embryos are ~50 um long. 
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suggest that cyk-4 is required to establish 
anterior polarity. 

In other organisms, cyk-4 orthologs function 
with the guanine nucleotide exchange factor 
(GEF) ect-2 during cytokinesis (9), which 
prompted us to examine ect-2. Antibody stain- 
ing revealed that ECT-2 was enriched with 
nonmuscle myosin NMY-2::GFP at the cell 
cortex (n > 20) (Fig. 3). Colocalization of these 
two proteins in multiple images suggested that 
ECT-2 moves anteriorly coincident with NMY- 
2::GFP. Reduction of ect-2 by RNAi indicated 
that staining was specific and RNAi effective 
(13 out of 16) (fig. S1). Inactivation of ect-2 led 
to distribution of PAR-6::GFP and PAR-3 
throughout the cortex at the time of pronuclear 
meeting, in addition to pronounced cytokinesis 
defects (Fig. 2C, and table S1 and fig. S4) (7). 
Because ect-2 and cyk-4 polarity phenotypes 
were visible before the first cell division, mis- 
localization of anterior PAR proteins was not a 
secondary consequence of failed mitosis. We 
conclude that cyk-4 and ect-2 are critical to es- 
tablish the anterior PAR domain. 

ect-2 and cyk-4 are predicted to control Rho 
family GTPases, which suggested a possible 
mechanism for controlling polarity. In vitro, 
cyk-4 can function as a GAP for rhoA, cdc-42, 
or rac, and in vivo, it likely controls RhoA dur- 
ing cytokinesis (/0). We found that in embryos 
with reduced RhoA [rho-1(RNAi)], PAR-6::GFP 


Fig. 2. Anterior localization of PAR-6::GFP depends 
on cyk-4/GAP, ect-2/GEF, and rho-1/RhoA. Com- 
pared with the wild type (WT) (A), PAR-6::GFP is 
expanded in cyk-4(RNAi) (B), ect-2(RNAi) (C), and 
rho-1(RNAi) (D) embryos. Arrows denote end 
points of PAR-6::GFP. 


Fig. 3. ECT-2 localizes to the cortex 
and is coincident with NMY-2::GFP. 
(A and D) Endogenous ECT-2 (red) is 
enriched in puncta at the cell cortex. 
(B and E) These puncta colocalize 
with NMY-2::GFP (green); (C and F) 
merge is yellow. (A) to (C) are cross 
sections; (D) to (F) are surface shots. 
On the basis of nuclear morphology 
and position, embryos are under- 
going pronuclear migration. 
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was dispersed throughout the cortex at pro- 
nuclear meeting (Fig. 2D and table S1). This 
phenotype resembled that of ect-2(RNAi), 
which suggested that ECT-2 and RHO-1 
function in a common pathway. The similarity 
of phenotypes contrasts with those associated 
with other C. elegans GTPases. For example, 
cdc-42 is required for posterior PAR localiza- 
tion and spindle positioning, but not for initial 
anterior PAR localization (//). No early po- 
larity defects have been noted for the three 
C. elegans rac genes ced-10, mig-2, and rac-2, 
even when they were inactivated together (/2). 
These observations suggest that RHO-1/RhoA 
is a good candidate effector for ECT-2 and, by 
extension, CYK-4 during the initial stages of 
polarization. We propose that the regulatory 
cassette of rho-1, cyk-4, and ect-2 that is used 
during cytokinesis is also deployed for polarity. 

Normally, anterior PAR localization depends 
on a gradient of actomyosin toward the anterior 
pole (3, 4). Because Rho proteins control the 
actomyosin cytoskeleton in many contexts, we 
examined the actomyosin cytoskeleton with 
nonmuscle myosin NMY-2::GFP. In wild-type 
embryos, NMY-2::GFP was present at the egg 
cortex, where it formed coalescing foci that 
advanced anteriorly (Fig. 4, A to C) (7). In7 
out of 10 ect-2(RNAi) and 6 out of 8 rho- 
1(RNAi) embryos, a lower proportion of NMY- 
2::GFP localized cortically, and this remaining 
protein failed to coalesce into large foci (Fig. 4, 
D to J) (7). These data suggest that ect-2 and 
rho-1 are critical to generate a contractile 
actomyosin network. 

Conversely, cyk-4 controlled relaxation or 
disassembly of the actomyosin network. Of 
30 cyk-4(RNAi) embryos, 15 had a dynamic 
actomyosin network that remained evenly 
distributed over the cortex (Fig. 4, J to L) (7). 
In these embryos, initial contractility appeared 
wild type but sperm-induced asymmetry was 
lost. In 10 out of 30, asymmetric NMY-2::GFP 
occurred, but the global transition from foci to 
puncta was delayed until after pronuclear 
meeting, which suggested a temporal role for 
cyk-4 (fig. S5) (7). The remaining 5 out of 30 
embryos had an intermediate phenotype (fig. 
S6) (7). The variable cyk-4(RNAi) phenotypes 
could reflect incomplete inactivation by RNAi 
or the existence of additional polarity pathways. 
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Supporting the former hypothesis, we detected 
CYK-4 protein in 39% of sperm after RNAi 
treatment (fig. S6) (7). These data suggest that 
cyk-4 is required to down-regulate the actomy- 
osin cytoskeleton posteriorly and, thereby, to 
induce asymmetric pulling forces. 

One effector of RhoA is RhoA kinase, 
which phosphorylates myosin light chain (MLC) 
and MLC phosphatase, which leads to MLC 
activation and actomyosin contractility (/3). In 
C. elegans, MLC-4 is required for anteropos- 
terior polarity, actomyosin contractility, and an- 
terior PAR localization (/4). These observations 
suggested that RHO-1, ECT-2, and CYK-4 might 
control MLC-4. To test this idea, we monitored 
activated MLC using an antibody specific for 
phospho-MLC (7, /3). 

Phospho-MLC was located at the cell cortex 
of wild-type embryos, where it overlapped with 
foci of NMY-2::GFP (Fig. 5, A and B, and 
fig. S7) (7). We detected phospho-MLC as- 
sociated with the anterior cortex and absent 
from the posterior after fertilization, indicating 
loss of active MLC (fig. S8) (7). Loss of im- 
munoreactivity in mic-4(—) embryos indicated 
that phospho-MLC staining was specific (fig. S9) 
(7). Phosphorylation of MLC required ect-2 and 
rho-1, since neither ect-2(RNAi) (n > 10) nor 
rho-1(RNAi) (n = 7 out of 9) embryos had de- 
tectable phospho-MLC at the cell cortex (Fig. 
5, C and G, and fig. S7) (7). As predicted, cyk- 
4(RNAi) embryos contained phospho-MLC, 
which colocalized with NMY-2::GFP in an 
extended domain (n > 10 one-cell embryos 
with meiotic defects) (Fig. SE and fig. S8) (7). 
These findings suggest that ECT-2 and RHO-1 
promote, whereas CYK-4 inhibits, activated 
MLC and, therefore, actomyosin contractility. 

To address the importance of sperm-donated 
CYK-4, we examined embryos from NMY- 
2::GFP females mated with cyk-4(RNAi) males 
(7). As monitored by NMY-2::GFP, 29% lacked 
polarity altogether, whereas 17% had an interme- 
diate phenotype (n = 48) (Fig. 6, D and E); the 


Fig. 4. ect-2/GEF, rho-1/rhoA, and 
cyk-4/GAP regulate the actomyosin 
wave. In wild-type (WT) embryos, a 
meshwork of nonmuscle myosin 5 
NMY-2::GFP (A, early) is enriched 
anteriorly during pronuclear migra- 
tion (B, wave) and subsequently dis- 
perses into puncta at pronuclear 
meeting (C). In ect-2(RNAi) embryos 
(D to F) and rho-1(RNAi) embryos 
(G to 1), contractile foci are rarely ob- 
served at any stage. In cyk-4(RNAi) 
embryos, 50% of embryos remain 
contractile over the entire embryo at 
all stages (J to L). 


rho-1 ect-2 
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remainder looked wild type. By antibody staining, 
42% of sperm had reduced or absent CYK-4 after 
RNAi (n = 90) (Fig. 6B). These data indicate that 
paternally endowed CYK~4 is required to polarize 
the embryo. Conversely, we showed CYK-4+ 
from male sperm could rescue polarity, but not 
meiotic cytokinesis, for fertilized cyk-4(RNAi) 
eggs (figs. S10 and S11). 

We propose that the bolus of CYK-4 donated 
by sperm down-regulates the actomyosin network 
in the posterior, thereby generating a gradient of 
contractility (fig. $12) (7). The gradient of con- 
tractility depends on differential activation of 
MLC. There may be additional effectors, given 
that RhoA in other organisms influences the actin 
cytoskeleton in multiple ways. In addition to 
CYK-4, previous studies have shown that the 
sperm-donated centrosome is required for antero- 
posterior polarity (7, 75, 16). Currently, it is un- 
clear whether CYK-4 acts in parallel to the 
centrosome or whether these two sperm cues 
function in a common pathway. We note that 
the requirement for a mature centrosome helps 
explain why polarity initiates after the comple- 
tion of meiosis, despite the presence of paternal 
CYK-4 immediately after fertilization. 

Consistent with the model that RhoA, CYK-4, 
and ECT-2 function during the earliest stage of 
polarization, we observed the strongest polarity 
defects during the first half of the first cell cycle 
(table S1) (7). Subsequently, anterior PAR pro- 
teins and CDC-42 contribute to actomyosin 
dynamics (3, 4, 77). PAR-2 may function even 
later or in parallel, because anterior PAR are 
localized normally in par-2 mutant embryos 
(/8). Thus, polarization during the first cell cycle 
involves multiple stages governed by distinct 
sets of factors. 

Our studies may also have implications for 
the role of CYK-4 during cytokinesis. Although 
the spindle midzone is a target of CYK-4 (9), 
recent studies revealed that a visible spindle 
midzone is not essential for cytokinesis (19, 20). 
We suggest that the cortical actomyosin cyto- 


pronuclear meeting 


skeleton may be a focus of CYK-4 during cyto- 
kinesis as it is during polarization. 

Organisms such as tunicates and teleosts 
undergo asymmetric actomyosin contraction 
upon fertilization, which contributes to polariza- 
tion of the fertilized egg (2/). In P. mammillata, 
contraction depends on an actomyosin basket 
with its opening located at the site of sperm 
entry. Thus, asymmetry in these embryos may 


Fig. 5. Phospho-MLC localized at the cortex 
during polarization. (A and B) In wild-type (WT) 
embryos, antibodies that recognize phospho-MLC 
(mlc-1P, red) detect activated, endogenous MLC at 
the cell cortex, colocalized with NMY-2::GFP 
(green). In ect-2(RNAi) (C and D) and rho-1(RNAi) 
(G and H) embryos, phospho-MLC is rarely 
detected. (E and F) cyk-4(RNAi) embryos exhibit 
phospho-MLC throughout the cortex, with NMY- 
2::GFP. DNA is blue. 
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Fig. 6. Paternal cyk-4 is required for polarity. 
Sperm from cyk-4(RNAi); him-8 males exhibit 
reduced CYK-4 (B), while others appear unaffected 
(A). Sperm were counterstained for membranous 
organelles (1CB4) (C). Embryos from NMY-2::GFP; 
fem-1 females and cyk-4(RNAi); him-8 males 
exhibit loss of polarized NMY-2::GFP (D), or have 
a partial defect (E). 


1 SEPTEMBER 2006 VOL313 SCIENCE 


depend on the geometry of the actomyosin 
network rather than modulation of RhoA (2/). 
On the other hand, animals with an even 
distribution of cortical actin may use orthologs 
of rho-1, ect-2, and cyk-4 to modulate actomy- 
osin configuration, analogous to C. elegans. 
Intriguingly, the cyk-4 ortholog MgcRacGAP, is 
named for its enrichment in male germ cells in 
humans and Drosophila (22, 23). In Drosophila, 
sperm entry is dictated by the position of the 
egg’s micropyle, and therefore, a possible role for 
sperm in axis formation has not been addressed. 
One possibility is that Drosophila sperm contrib- 
ute to embryonic polarity, and the stereotyped 
entry-point enables the egg and sperm to coor- 
dinate their polarizing activities. In mammals, 
there is debate regarding when polarity is es- 
tablished and the potential role of sperm (24). 
An exciting avenue for future investigation 
will be to determine whether other animals use 
CYK-4, RhoA, and ECT-2 to establish embry- 
onic polarity in response to sperm. 
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The Mevalonate Pathway Controls 
Heart Formation in Drosophila by 
Isoprenylation of Gy1 


Peng Yi,* 


Zhe Han,*t Xiumin Li, Eric N. Olsont 


The early morphogenetic mechanisms involved in heart formation are evolutionarily conserved. A screen for 
genes that control Drosophila heart development revealed a cardiac defect in which pericardial and cardial 
cells dissociate, which causes loss of cardiac function and embryonic lethality. This phenotype resulted 
from mutations in the genes encoding HMG-CoA reductase, downstream enzymes in the mevalonate 
pathway, and G protein Gy1, which is geranylgeranylated, thus representing an end point of isoprenoid 
biosynthesis. Our findings reveal a cardial cell-autonomous requirement of Gy1 geranylgeranylation for 
heart formation and suggest the involvement of the mevalonate pathway in congenital heart disease. 


utations in genes controlling heart 
Meee frequently cause fatal 

cardiac malformations, the most com- 
mon type of birth defect in humans. Because 
many of the mechanisms involved in heart de- 
velopment are evolutionarily conserved, the fruit 
fly Drosophila melanogaster represents a pow- 
erful model for genetically dissecting this com- 
plex developmental process. The Drosophila 
heart, or dorsal vessel, which pumps bloodlike 
cells through an open circulatory system, is com- 
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posed of parallel rows of contractile cardial cells 
(cardioblasts) tightly attached to pericardial cells; 
the latter perform supportive and secretory func- 
tions (Fig. 1A) (). 

We performed a P-element genetic screen (2) 
for Drosophila mutants with heart defects using 
transgenic flies harboring a green fluorescent 
protein (GFP) transgene under control of the 
Hand enhancer (3), which is specific for cardial 
cells, pericardial cells, and the lymph gland—a 
hematopoietic organ in fruit flies (Fig. 1B). The 
Hand-GFP transgene allows visualization of the 
developing heart at single-cell resolution. 
Among a collection of mutants with cardiac 
abnormalities, we observed a heart defect in 
which pericardial cells dissociated from cardio- 
blasts in the dorsal vessel at the end of embryo- 
genesis. We termed this phenotype “broken 


hearted” (bro). Here, we describe five such mu- 
tants of different genetic loci (Fig. 1, C to G). In 
contrast to the wild-type dorsal vessel in which 
the pericardial cells are intimately associated 
with cardioblasts, in each of these mutants, the 
relative positions of pericardial cells and cardio- 
blasts changed with each heartbeat. 

The P element in the bro/ locus [1(3)01152] 
is located in the first exon of the hydroxymethyl- 
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Fig. 1. Mutants in different genetic loci gave rise to 
a common broken hearted (bro) cardiac defect. (A) 
Schematic drawing of a late stage 17 embryonic heart 
(dorsal view, anterior to the left). (B to G) Stage 17 
embryonic heart labeled by Hand-GFP (3) in wild- 
type embryo (B) or five bro homozygous mutants [(C) 
to (G)] (pericardial cells are indicated by arrows) (C) 
HMGCR, bro1, [\(3)01152]; (D) GGPPS/qm'44#, bro2; 
(E) BGGT-IS2554, bro3; (F) Gy1, bro4, [\(2)k08017). 
(G) Sar1, bro5, [\(2)k07408]. 


1 SEPTEMBER 2006 


1301 


7 REPORTS 


glutaryl (HMG)-coenzyme A (CoA) reductase 
gene (HMGCR) (Fig. 1C and fig. S1, A, C, and 
D), which is expressed in the dorsal vessel and 
the gonadal mesoderm, where it is required for 
migration of primordial germ cells (4). Mutants 
trans-heterozygous for HMGCR®!*? and a 
deficiency line Df(3R)Exel9013, in which the 
HIMGCR gene is deleted, or two EMS mutants 
(2), HMGCR*63! and HMGCR“!!.4 (4), showed 
similar, but more severe, cardiac defects than 
homozygous HMGCR®!”*? mutants (Fig. 2, A and 
B, and fig. S1B). Expression of HMGCR in the 
heart, with the use of a Hand-GAL4 driver and a 
UAS-HMGCR transgene, rescued the cardiac 
defects in the HMUGCR?!? mutant (Fig. 2C). 
HMGCR controls a rate-limiting step in the 
conversion of HMG-CoA into mevalonate, a 
precursor for the synthesis of cholesterol and 
isoprene derivatives that modify the C termini 
of proteins containing a CAAX motif (C, cys- 
teine; A, aliphatic amino acid; X, any amino acid) 
(5) (Fig. 2E). In contrast to mammalian cells, 
Drosophila does not use the mevalonate path- 
way to synthesize cholesterol. Injection of em- 
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Fig. 2. HMGCR is required for Drosophila heart for- 
mation. (A) Trans-heterozygous mutant HMGCR2452/ 
Df(3R)Exel9013 showed a severe bro defect. (B) 
HMGCR EMS mutant HMGCR“41154 showed a 
more severe cardiac defect in which the posterior 
region of the heart tube was abnormally dilated 
(arrowhead). (C) Expression of HMGCR specifically 
in the heart using Hand-GAL4 and UAS-HMGCR is 
sufficient to rescue the bro defect in HMGCR2152 
embryos. (D) Embryos injected with 0.1 uM 
mevinolin showed cardiac defects similar to those 
of HMGCR null mutants at stage 17. The dis- 
sociated pericardial cells in (A), (B), and (D) are 
indicated by arrows. (E) HMGCR regulated isopre- 
noid synthesis pathway in Drosophila. 


bryos at the syncytial blastoderm stage with 0.1 
uM mevinolin, a statin drug that lowers choles- 
terol level by inhibiting HMGCR activity, caused 
cardiac defects at stage 17 similar to those of the 
HMGCR mutants (Fig. 2D). 

To investigate whether either of the two ma- 
jor isoprenoids (Fig. 2E), farnesyl pyrophosphate 
(farnesyl-PP) and geranylgeranyl pyrophosphate 
(geranylgeranyl-PP), might be required for heart 
formation, we examined mutants in the genes 
encoding geranylgeranyl pyrophosphate synthase 
(GGPPS) and geranylgeranyl transferase type I B 
subunit (BGGT-I), which act downstream of 
HMGCR and are required for the biosynthesis of 
geranylgeranyl-PP or transfer of geranylgeranyl- 
PP to protein, to find out whether they also 
cause cardiac defects. Indeed, GGPPS (also 
called gm) mutant embryos showed 100% pene- 
trance for the bro phenotype, just as HMGCR 
mutants did (Fig. 1D), and at least 30% of the 
BGGT-J mutants displayed the same pheno- 
type (Fig. 1E). In contrast, two deficiency lines 
[Df(2L)Exel6010 or Df(3R)Exel6269] deleting 
either the farnesyl transferase o(CG2976) or 
B(CG17565) subunit did not display similar car- 
diac defects (fig. S2). These findings suggested 
that the cardiac defects of HMGCR mutant em- 
bryos resulted from a failure of geranylgeranyla- 
tion of a target substrate protein required for 
the adhesion between cardioblasts and peri- 
cardial cells. 

Analysis of another bro mutant (bro4) (Fig. 
1F) suggested that the G protein y subunit 1 


Fig. 3. Geranylgeranyla- 
tion of Gy11 is required for 
heart formation. (A) Trans- 
heterozygous mutant 
Gy1k08017/Df(2R)H3E1 
shows the same bro defect 
as the Gy1'27 mutant. 
(B) Gy 1817. HIMGCROM2 
double mutants show a 
much more severe bro 
defect than either single 
mutant. (C) Gy1 can be 
efficiently geranylgera- 
nylated, as labeled by 
PHIGGPP, but cannot be 
farnesylated by [3H]FPP. 
Recombinant GST (27 kD) 
and GST-Gy1 (36 kD) 
proteins are shown by 
Coomassie blue staining. 
(D) Expression of Gy1 in 
the heart using Hand-GAL4 
driving UAS-Gy1 is suffi- 
cient to rescue the 
Gy127 mutant cardiac 
defects. (E) Targeted expres- 
sion of Gy1 (C675) in the 
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(Gy1), which contains a C-terminal CAAX mo- 
tif, is the substrate of this geranylgeranylation 
modification required for heart formation. The 
P element in the bro4 locus 1(2)k08017 is in- 
serted into the splice donor site after the first 
exon of the Gy/ gene (fig. S3A). Gy1 expres- 
sion level was reduced by more than 50% in 
homozygous 1(2)k08017 embryos (fig. S3, B 
and C), which suggested that 1(2)k08017 is a 
hypomorphic mutant allele of the Gy/ gene. 
Mutants trans-heterozygous for the 1(2)k08017 
insertion and a deficiency that deletes the Gy/ 
gene [Df(2R)H3E1] or for Df(2R)H3E1 and a 
Gy/ null allele (6) showed the same cardiac 
defects as the homozygous 1(2)k08017 embryos 
(Fig. 3A and fig. S3D). Double mutants of the 
hypomorphic HMGCR and Gy/ alleles showed 
a more severe cardiac defect than either single 
mutant (Fig. 3B). A fifth bro mutation was 
mapped to the Sar] gene (Fig. 1G and fig. S4), 
which encodes a guanosine triphosphatase that 
controls budding of vesicles overlaid with coat 
protein complex II (COPII) from the endoplas- 
mic reticulum (ER) to the Golgi network (7). 
The developmental onset of cardiac defects 
was identical in the HMGCR, Gy1, GGPPS/qm, 
BGGT-I, and Sar] mutants. Cardioblasts and 
pericardial cells were properly specified and 
aligned until stage 16 (fig. S5, A to D). However, 
at stage 17, pericardial cells began to dissociate 
from the dorsal vessel. These observations sug- 
gest that these genes are required to maintain 
cardiac integrity. The phenotypes of the dif- 
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heart failed to rescue the Gy1'817 cardiac defects. The dissociated pericardial cells [(A), (B), and (E)] are 
indicated by arrows. (F) Subcellular localization of wild-type or mutant Gy1 following exposure to mevinolin or 
HMCGR RNAi in S2R* cells. Gy1 is localized to the cytosolic compartment (a and a), whereas the two mutant 
forms show nuclear and cytoplasmic localization (b, b’, c, and ¢). In the presence of mevinolin (d and d’) or HMGCR 
double-stranded RNA treatment (e and e’), Gy1 shows a ubiquitous localization as seen with the two mutant forms. 
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Fig. 4. HMGCR and Gy11 are specifically 
required in cardioblasts to maintain cardiac 
integrity. (A and B) Expression of HMGCR 
or Gy1 in cardioblasts is sufficient to rescue 
the bro defect in HMIGCR°2452 or Gy 199017 
mutants, respectively. (C and D) Express- 
ing HMGCR (C) or Gy1 (D) in pericardial 
cells cannot rescue the bro defect in 
HMGCR°452 or Gy 19017 mutants. (E) A 
model summarizing the function of the 
mevanolate pathway, Gy1, and Sarl 
during Drosophila heart formation. 


ferent mutants were also comparable, except 
for the two HMGCR EMS mutants or the 
AMGCR®!°?/Df{(3R)Exel9013 mutant, which 
was more severe and showed distortion of the 
shape of the dorsal vessel. 

The final C-terminal residues of all G protein 
y subunits contain a CAAX motif (5) in which 
the variable amino acid X determines the type of 
lipid modification: If X is serine, methionine, 
alanine, or glutamine, the cysteine is modified by 
farnesylation, whereas if X is leucine or valine, 
it is modified by geranylgeranylation (8, 9). 
Using an in vitro prenylation assay, we found 
that Drosophila Gy1 protein, which contains a 
CAAX motif of Cys-Thr-Val-Leu (CTVL), was 
modified by geranylgeranylation, but not by 
farnesylation (Fig. 3C), in agreement with the 
requirement of GGPPS/qm and BGGT-I for 
cardiac development. 

To determine directly if geranylgeranylation of 
Gy] is essential for heart development, we tested 
whether wild-type and mutant forms of Gy1 protein 
could rescue the cardiac defect of the Gy1 mutant. 
Targeted expression of wild-type Gy1 in the heart 
was sufficient to rescue the cardiac defects of Gy/ 
mutants (Fig. 3D), whereas mutant forms of Gy1, 
in which geranylgeranylation was abolished by 
either a substitution of Ser for Cys®’ (Gy1-C67S) 
in the CAAX box or a deletion of the CAAX box 
(Gy1-ACAAX), failed to rescue the cardiac 
defects in Gy/ mutants (Fig. 3E and fig. S3E). 
We conclude that geranylgeranylation of the 
CAAX motif of Gy1 is required for its normal 
activity during Drosophila heart formation. 

Lipid modification of the CAAX motif facil- 
itates the association of proteins with membranes 
(5, 10). To further explore how geranylgeranyla- 
tion of Gy1 affects its biological function, we 
examined the subcellular localization of the Gy1 
protein in Drosophila S2R* cells. Wild-type Gy1 
protein was always excluded from the nucleus in 
S2R+ cells, whereas the two mutant forms of 
Gy1, which were not geranylgeranylated, were 
located throughout the cytoplasm and nucleus 
(Fig. 3F, a to c and a’ to c’). Because Gy] is a 
small protein and can enter the nucleus freely, the 
specific localization of wild-type Gy1 protein to 
the cytoplasm likely reflects its interaction with 
membranous structures, which requires modifica- 
tion by geranylgeranylation. 

In S2R* cells treated with three HMGCR 
inhibitors (atorvastatin, mevinolin, and sim- 
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vastatin), as well as HMGCR double-stranded 
RNA, the wild-type Gy1 protein displayed the 
same abnormal subcellular distribution as the 
two mutant forms of Gy! (Fig. 3F, d, e, d’, and 
e’, and fig. S3F). These findings suggest that 
abnormal subcellular localization of Gy1 ac- 
counts for the cardiac defects in the mevalonate 
pathway mutants and Gy/ mutants. Ga has also 
been shown to be required at an earlier stage of 
heart development for proper alignment of car- 
dioblasts (//), which is distinct from the func- 
tion of Gy1 revealed here. 

Cardiac defects of HMGCR or Gy/ mutants 
could be completely rescued by targeted expres- 
sion of UAS-HMGCR and UAS-Gy1 transgenes, 
respectively, using a Hand-GAL4 driver (Figs. 2C 
and 3D), which directs expression in both 
cardioblasts and pericardial cells, or a Mef2- 
GAL4 driver, which is expressed in cardioblasts 
but not in pericardial cells (Fig. 4, A and B). In 
contrast, targeted expression of HMGCR or Gy1 
using Dot-GAL4, which only drives expression in 
pericardial cells, failed to rescue the cardiac defects 
in either mutant (Fig. 4, C and D). These results 
demonstrate that HMGCR and Gy1 function 
specifically in cardioblasts to adhere with peri- 
cardial cells and exclude the possibility that the 
bro cardiac phenotype arises secondarily from 
general metabolic abnormalities. 

HMGCR and downstream enzymes in the 
biochemical pathway leading to the synthesis of 
geranylgeranyl-PP are specifically required in 
cardioblasts to modify Gyl (Fig. 4E). We pro- 
pose that geranylgeranylation, which is required 
for the proper intracellular localization of Gy1, is 
in tum required for generating a signal for peri- 
cardial cells to adhere to cardioblasts throughout 
heart formation. Indeed, GBy has been shown to 
control Golgi apparatus organization and vesicle 
formation during exocytosis in mammalian cells 
(22, 13). The finding that a mutation in Sarl 
causes the same cardiac phenotype as the Gy/ 
mutation further supports the possibility that this 
collection of mutations perturbs the secretion of a 
factor required for maintenance of cardiac in- 
tegrity. Inhibition of this pathway with statins 
results in cardiac defects similar to those resulting 
from mutations in HMGCR and downstream 
genes required for isoprenoid biosynthesis, which 
raises the possibility that congenital heart defects 
reportedly associated with the use of statins (/4), 
which are contraindicated during pregnancy, 
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may reflect perturbation in a similar develop- 
mental pathway. 

HMGCR has also been shown to be re- 
quired for recruitment of primordial germ cells 
(PGCs) to the gonad in Drosophila (4), but the 
protein target(s) of the mevalonate pathway that 
mediate this process have not been identified. 
Perhaps Gy1 functions in the gonad mesoderm 
to guide PGC migration. We speculate that lip- 
id modifications mediated by the mevalonate 
pathway contribute to directed cell migration 
and subsequent cell-cell adhesion in diverse cell 
types. Given the conservation of cardiac devel- 
opmental control mechanisms, it will be of in- 
terest to investigate the potential involvement 
of the mevalonate pathway in mammalian heart 
development and congenital heart disease. 
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Human Lineage—Specific Amplification, 
Selection, and Neuronal Expression 
of DUF1220 Domains 
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Extreme gene duplication is a major source of evolutionary novelty. A genome-wide survey of gene 
copy number variation among human and great ape lineages revealed that the most striking 
human lineage-specific amplification was due to an unknown gene, MGC8902, which is predicted 
to encode multiple copies of a protein domain of unknown function (DUF1220). Sequences 
encoding these domains are virtually all primate-specific, show signs of positive selection, and are 
increasingly amplified generally as a function of a species’ evolutionary proximity to humans, 
where the greatest number of copies (212) is found. DUF1220 domains are highly expressed in 
brain regions associated with higher cognitive function, and in brain show neuron-specific 
expression preferentially in cell bodies and dendrites. 


xtreme gene duplication in a species- 
Be manner, followed by divergence 
and functional specialization, can be an 


important factor in the evolution of phenotypic 
traits unique to that species (/). Copy number 


aCGH to have an HLS increase in copy num- 
ber produced more BLAT hits (score >200) in 
the human genome than in either chimp or 


macaque (table S2), and 44 of these (31%) had 
more than five BLAT hits in the human ge- 
nome (Fig. 1A). 

After removal of all BLAT hits predicted 
to be intronless, one gene, MGC8902 (CDNA 
IMAGE clone 843276), showed the most 
striking human-specific increase, with 49, 10, 
and 4 hits found in human, chimp, and ma- 
caque, respectively (Fig. 1A). All human hits 
associated with MGC8902 (49/49) were pre- 
dicted to be nonretroposed copies. It was also 
ranked as the fifth highest HLS aCGH signal 
out of the 134 genes predicted to have HLS 
increases in copy number (7), and contains 
six predicted DUF1220 domains (Fig. 1B). 
The genomic sequences predicted to encode 
DUF1220 domains typically show a unique 
signature of an evenly spaced two-exon repeat 
unit (Fig. 1B). A recent report treats this exon 
pair as a new repeat that is part of a gene family 
termed NBPF (8). The repeat is inclusive of the 
DUF1220 domain but also contains additional 
protein-coding sequences that may not share all 
the biological and evolutionary characteristics 
of DUF1220. 


ae : A BLAT-Predicted Intronless vs. Intron-Containing HLS Gene Copies in Human, 
variations between human and chimpanzee have Chimp, and Macaque Genomes 
been discovered with the use of a draft se- a 
quence of the chimpanzee genome (2), although 5 7 7 50 
primate outgroup information is currently lim- saa | @ Human intron-containing + * 
. 40 | © Chimp intron-containing 40 
ited to draft sequence from only one other g | ® Macaque intron-containing -< 
species, the macaque (3). Draft sequences are 5 20 | © Intronless on 
prone to misassembly of recently duplicated $24 25 
sequences (4), a limitation that is the most : 20 } 20 
severe for the most evolutionarily recent (i.e., idl | “s 
similar) duplications. A complementary ap- bg by 
proach is cDNA array-based comparative ge- - Jbl I! | Wh 3 Mie ge 8 ihe I Bini tie EL 
nomic hybridization (aCGH) (5). We previously TATA eee 
used cDNA aCGH to carry out genome-wide HSSSTCESESEGESERRASET ES REEEEE SEE EER ESE g2953 
gene copy number comparisons between hu- IMAGE Clone 
man and great ape species (5), and identified B 
134 genes showing human lineage-specific MGC8902 Intron/Exon Organization 
(HLS) increases and six genes showing HLS 
decreases. a ‘— —— Het eee —- 

To iene ie SS estimate : the wil Protein Domain Organization F 
copy number of each HLS gene, we deter- <= 
mined the full insert sequences of the cDNAs : 
(table S1) and used these as BLAT 32-103 tp disbas J GE DUFI220 Domain 
queries to search a recent CJ Coding Region Exon 
human genome assembly (Build 35) (6) as DUF 1220 GE) UTR Exon 
well as available genome draft sequences Repeat Unit 


from chimp (2) and macaque (3). The great 
majority (86.4%) of genes predicted by cDNA 
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Fig. 1. Cross-species BLAT survey of HLS cDNAs and organization of the MGC8902 gene. (A) BLAT 
searches were performed using full cDNA insert sequences for 140 HLS genes (5) as queries. The IMAGE 
clones that yielded >5 BLAT hits in the human genome are shown. BLAT hits with 
span sizes exceeding the size of the cDNA query were scored as potentially containing introns. Potentially 
“intronless” BLAT hits are shown in white. The asterisk denotes BLAT hits associated with the ribosomal 
protein gene RLP23AP7, which had hit totals of 150, 144, and 133 for human, chimp, and macaque, 
respectively. All of these were intronless. (B) The genomic exon/intron organization of MGC8902 and 


the predicted domain structure of the translated protein. A representative DUF1220 genomic repeat 
unit is also shown. 
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It has been estimated that 34 different human 
genes encode DUF 1220 domains (table S3)((www,] 
[ncbinim-nih.gov/IEB/ResearchTAcembIy}. Pfam 
(Version 17.0) (9) predicts that 60 human 
DUF1220-containing proteins exist, containing 
a total of 271 DUF1220 domains (fig. S1) de- 
rived from 11 seed domains (/0) (fig. S2A). 
Estimates based on cDNA sequences indicated 
that 22 genes exist, including six pseudogenes 
(8). None of these cDNAs showed perfect identity 
to human genomic sequences, raising the possibil- 
ity that this count is an underestimate. Recent 
additional sequencing of chromosome 1 identified 
at least 15 gene sequences that encode DUF1220 
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Fig. 2. QPCR-based estimation of the number of 
DUF1220 domains found within different species. 
QPCR was carried out to survey the frequency of 
DUF1220 domain (Q8IX62 17-33) sequences in 
various primate species. Corresponding numerical 
values can be found in table S6. 


mean: 0.61 


Number of genes per bin 


Fig. 3. Ka/Ks values of DUF1220-encoding sequences. (A) Sequences with 
Ka/Ks values 0 through 2.0. Rodent-primate and primate-primate comparison 
means are shown (arrows); human-specific comparisons produce an even 
higher mean. Of these comparisons, 3106 have a Ka/Ks value of 0, and 2035 
have a Ka/Ks value of 2.0 or greater; the scale here is limited so that the major 
patterns can be seen. (B) Sequences with Ka/Ks values 2.25 through 8.0; all of 
these comparisons are primate homologous comparisons, and most are human- 


human pairwise comparisons. 
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Rodent-primate comparison 


domains, although several sequence gaps still 
remain in DUF1220-encoding regions (//). 

The amino acid sequences of each of the 11 
DUF1220 seed domains were next used as BLAT 
queries against genome sequences from several 
species (table S4). The 11 seed domains showed no 
matches outside of mammals, and 10 of the 11 were 
primate-specific, with the highest number of copies 
always found in human (fig. S2B). The remaining 
seed domain (075042) was found in primate and 
nonprimate mammals, usually as a single domain 
encoded by a single-copy gene [Myomegalin/ 
PDE4DIP (12)| that also encodes a spindle- 
associated domain (fig. S2C). The most human 
BLAT hits were obtained with three domains found 
in one predicted protein, Q8IX62. One of these 
(Q8IX62_Human/17-83) had 90 hits in human but 
only 16 and 11 in chimp and macaque, respec- 
tively. Of the human hits, 37 (41%) were 100% 
matches (fig. S2B), by far the highest frequen- 
cy of identical human matches found for any 
of the 11 seed domains. For macaque, a similar 
number of BLAT hits was obtained whether 
the January 2005 or January 2006 sequence 
assembly was used (table S5). 

To provide an independent estimate of the fre- 
quency of this domain, we carried out quantitative 
polymerase chain reaction (QPCR) analysis on 
multiple individuals from each of several species, 
using a primer and probe set with sequences that are 
identical to sequences in the human and chimp 
genomes (Fig. 2 and table S6). Consistent with 
BLAT results and previously reported aCGH data, 
QPCR analysis also found that the human genome 
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had significantly more copies than that of any 
other species (P < 0.01) and, generally, the 
evolutionarily closer the species was to human, 
the more DUF1220 domains were encoded in its 
genome. Interhominoid cDNA aCGH data 
reported previously (5) for cDNA IMAGE 
843276 [average log, ratio: bonobo (3) = —1.79; 
chimpanzee (4) = -1.98; gorilla (3) = -1.19; 
orangutan (3) = —2.74] are in very close agree- 
ment (7 = 0.9886) with the cross-species QPCR 
data presented in Fig. 2. Taken together, aCGH, 
BLAT, and QPCR data indicate that the num- 
ber of DUF1220 copies is highly expanded in 
humans, reduced in African great apes, further 
reduced in orangutan and Old World monkeys, 
single-copy in nonprimate mammals, and absent 
in nonmammalian species. Some intraspecies 
copy number variability was apparent, although 
a survey of a limited number of individuals (22 
individuals from diverse human populations) re- 
vealed no population-specific trends (table S6). 
Human genomic locations predicted from the 
BLAT analysis using the 11 seed domains (fig. S3, A 
and B) were in general agreement with fluorescence 
in situ hybridization (FISH) analysis (fig. S4) and 
two recent reports (8, //), positioning the majority 
of DUF1220 (NBPF) sequences at 1q21.1, a 
complex genomic region immediately adjacent to 
the pericentromeric C-band 1q12. Additional se- 
quences are found at 1p36 and 1p13.3. After 
eliminating redundant (overlapping) positions, we 
identified 212, 37, and 30 unique DUF1220-positive 
BLAT hits in human, chimp, and rhesus, respec- 
tively, along with only one each for mouse and rat. 
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Evolutionary analysis (/3) was performed with 
a nonredundant set of the human, chimp, rhesus, 
mouse, and rat DUF1220 nucleotide sequences 
derived from the BLAT searches described above 
(table S7). These sequences were filtered for 
frame-shift insertions and aligned, and the resulting 
256 sequences were used for construction of a 
phylogenetic tree (fig. S5). In addition, Ka/Ks 
ratios (ratios of the rate of amino acid substitution 
to silent substitution) were determined for each 
pairwise combination of sequences (Fig. 3, A and 
B, and table S8). The domain that is found as a 
single copy in nonprimate mammals, 075042, is 
the likely ancestral domain, consistent with a phylo- 
genetic analysis of the 11 

www.sanger.ac.uk/cgi-b am/getacc/PF06/55), 
with the primate-specific domains appearing more 
recently. The ladder-like nature of the phyloge- 
netic tree suggests that serial domain amplification 
and subsequent divergence are the rule in this 
large set of repeats. Also, 33% (10,583/32,131) of 
pairwise comparisons showed a Ka/Ks ratio of 1 
or greater—a traditional signature of positive 
selection (/4). 

On average, primate-primate homologous com- 
parisons had a higher ratio of nonsynonymous 
to synonymous changes (Ka/Ks mean = 0.91) 
than did rodent-primate homologous comparisons 
(Ka/Ks mean = 0.61), indicative of either a higher 
level of positive selection or a relaxation of func- 
tional constraint (Fig. 3A). The average Ka/Ks 
value for primate homologous comparisons was 
unusually high (0.91) relative to general esti- 
mates of primate evolutionary rate (/5), with two 
human-versus-rhesus comparisons producing 
the highest values (>7.1) (Fig. 3B). In contrast, 
Ka/Ks analysis of non-DUF 1220 sequences from 
a DUF1220-containing gene did not appear to 
show evidence of positive selection (8). 

Western blot analysis was carried out on a panel 
of normal adult human tissues, using an affinity- 
purified antibody directed against a 20-amino acid 
peptide derived from a primate-specific DUF1220 
domain. A heavy band was visible at ~36 kD in 
heart, brain, spleen, skeletal muscle, and small 
intestine (Fig. 4A), which was blocked in all 
tissues, except in the skeletal muscle, by the 
adsorption control (fig. S6A). This same band was 
faintly present in kidney, lung, stomach, colon, and 
rectum. In addition, other heavy bands were visi- 
ble between 25 and 40 kD throughout the tissue 
panel. The same ~36 kD band was highly 
expressed in frontal lobe, temporal lobe, parietal 
lobe, occipital lobe, and cerebellum, whereas it 
was absent in placenta (Fig. 4B). 

Using double-label immunofluorescence, 
we analyzed normal adult brain regions from 
several individuals with the same affinity-purified 
DUF1220 antibody. DUF1220 sequences were 
consistently found in neurons but not in glia. In 
the cerebellum, preferential expression was ob- 
served in Purkinje cells, where signals were 
restricted to cell bodies (cytoplasm) and dendrites 
(Fig. 4, C to E, and fig. S6, B to D). In addition 
to labeling in the cerebellum, neuron-specific 


DUF1220 signals were present in the cortical 
layers of the hippocampus (Fig. 4, F and G). 
DUF1220 domains were also abundantly ex- 
pressed in neurons within the neocortex (frontal, 
parietal, occipital, and temporal lobes), thought to be 
critical to higher cognitive functions (Fig. 4, H to K). 

Although the precise function of genes encoding 
DUF1220 domains and the domains themselves is 
at present unknown, the pattern of amplification and 


location of expression have led us to speculate that 
the domains and the genes that encode them may be 
important to cognitive function. In light of the strong 
DUF1220 expression we observed in neurons of the 
neocortex, it is intriguing that multiple independent 
evolutionary processes [brain enlargement, neocor- 
tex expansion (/6), gene duplication, and domain 
amplification] can be seen as having individually 
and cumulatively contributed to increasing the 
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Fig. 4. Western and immunofluorescence analysis of normal adult human tissues with antibody to a 
peptide derived from a primate-specific DUF1220 domain. (A and B) Western blot analysis of total 
protein lysates (50 j1g) from normal adult human tissues (male and female; ages ranging from 22 to 82 
years). Lysates were electrophoresed on 4 to 20% denaturing SDS—polyacrylamide gel electrophoresis 
gels, transferred to polyvinylidene difluoride membranes, and probed with DUF1220 affinity-purified 
antibody (A). Further blotting analysis was performed on adult human brain regions with DUF1220 
affinity-purified antibody (B). (C to E) Double-label immunofluorescence of DUF1220 antibody in the 
human cerebellum (30-year-old white female). (C) DUF1220 affinity-purified antibody; Purkinje cells 
and dendrites were detected. (D) Double labeling with DUF1220 affinity-purified antibody and 
neurofilament 160 kD; (E) higher magnification of inset in (D). Double labeling with DUF1220 affinity- 
purified antibody and glial fibrillary acidic protein (GFAP) in (F) hippocampus, (G) cortical regions of 
the hippocampus, and (H) frontal lobe. (I to K) Neuron-specific DUF1220 signals in (I) temporal lobe, 
(J) parietal lobe, and (K) occipital lobe. Nuclei are labeled with 4’,6’-diamidino-2-phenylindole (DAPI). 
P, Purkinje cell; den, dendrite; igl, internal granule layer; ml, molecular layer. Scale bars, 100 um [(C), 
(D), and (F) to (1)], 50 yum [(E), (J), and (K)]. 
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DUF1220-coding potential of the human brain, 
suggesting that such an increase may have 
conferred strong selective advantages. 

The genomic regions that harbor DUF1220 
sequences appear to be particularly complex and, as 
a result, different genome assemblies differ with 
respect to the predicted number of DUF1220- 
encoded sequences. However, two recent genome- 
wide BAC aCGH cross-species studies (17, 18) 
independently support the findings reported here 
that DUF1220-encoding genes show human 
lineage-specific increases in copy number and 
appeared with remarkable rapidity. If they indeed 
are the result of strong positive selection, they may 
play an important role in human lineage-specific 
traits (19) and serve to illustrate how certain 
regions of the genome can undergo episodes of 
“punctuated” evolution (20). 
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Reducing the Racial Achievement Gap: 
A Social-Psychological Intervention 


Geoffrey L. Cohen,?* Julio Garcia,2* Nancy Apfel,” Allison Master?+ 


Two randomized field experiments tested a social-psychological intervention designed to improve 
minority student performance and increase our understanding of how psychological threat 
mediates performance in chronically evaluative real-world environments. We expected that the risk 
of confirming a negative stereotype aimed at one’s group could undermine academic performance 
in minority students by elevating their level of psychological threat. We tested whether such 
psychological threat could be lessened by having students reaffirm their sense of personal 
adequacy or “self-integrity.” The intervention, a brief in-class writing assignment, significantly 
improved the grades of African American students and reduced the racial achievement gap by 
40%. These results suggest that the racial achievement gap, a major social concern in the United 
States, could be ameliorated by the use of timely and targeted social-psychological interventions. 


as good, virtuous, and efficacious—is a 
fundamental human motivation (/—3). 
Membership in valued social groups is often 
a major source of individuals’ sense of self- 
integrity (4, 5). Consequently, negative character- 
izations of one’s group can prove threatening, 
especially in chronically evaluative environments. 
Because people subjected to widely known 
negative stereotypes impugning the intelligence of 
their group are aware of these negative character- 
izations, they may worry that performing poorly 
could confirm the stereotype of their group (6-8). 
This situation can create chronic stress at school 
and work, by burdening people with an extra 


T he drive for self-integrity—seeing oneself 
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psychological threat not experienced by those out- 
side their group. If too severe, stress can undermine 
performance (6-10). Indeed, simply observing a 
group member who might confirm a negative 
stereotype about one’s group can induce threat, 
undermining performance (5). 

One potentially effective way to buffer peo- 
ple against threat and its consequences, we sug- 
gest, is to allow them to reaffirm their self-integrity 
(2, 3). Self-affirmations, by buttressing self-worth, 
can alleviate the stress arising in threatening per- 
formance situations (//). They can take the form 
of reflections on personally important, over- 
arching values, such as the importance of family 
or a self-defining skill (2, 3). 

The research reported here tested whether a 
self-affirmation intervention designed to lessen 
threat would enhance the academic achievement 
of negatively stereotyped minority students. The 
intervention rested on three assumptions: First, 
people are motivated to maintain self-integrity; 
second, because group memberships are an im- 
portant source of self-integrity, negative group 


characterizations can pose a chronic threat to 
self-integrity; third, such threat, if too severe, can 
undermine performance. 

School settings can be stressful to almost all 
students regardless of race. However, for African 
American students, the academic environment 
involves an extra degree of threat not experienced 
by nonminority students, due to the negative 
stereotype about the intelligence of their race. 
This threat, on average, raises stress to levels that 
are debilitating to performance (6-9). According- 
ly, we expect that a self-affirmation intervention 
would be particularly effective at improving 
their academic performance. We would, in fact, 
expect this intervention to improve the perform- 
ance of all groups of individuals subjected to a 
threat sufficiently pervasive and intense to 
impede that entire group’s average performance. 

This prediction was tested in two randomized 
double-blind field experiments (/2). The second, 
a replication study, occurred a year after the first 
and involved a different cohort of students. Par- 
ticipants were seventh-graders from middle- to 
lower-middle-class families at a suburban north- 
eastern middle school whose student body was 
divided almost evenly between African Ameri- 
cans and European Americans. The experiments 
involved 119 African American students and 124 
European American students distributed roughly 
evenly across the two studies. All the teachers 
who participated taught the same academic 
subject (one not typically related to gender 
stereotypes). This subject was the intervention- 
targeted course in both studies; it was the one in 
which the intervention was administered. 

In the fall term of each year, students were 
randomly assigned, at the level of the individual 
student, to the affirmation condition or the control 
condition. For each teacher and classroom period, 
there were approximately equal numbers of par- 
ticipants in each condition. Teachers were blind to 
students’ condition assignment and unaware of the 
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specific research hypothesis. The experimental 
treatment occurred as close to the start of the fall 
term as possible, when evaluative stress was 
assumed to be high. Teachers distributed closed 
envelopes, each containing an exercise packet, to 
all students in their class. Each envelope was 
marked with the name of the student who was to 
receive it. The exercise was presented as a regular 
class assignment and took approximately 15 min 
to complete. Students opened their envelopes, re- 
moved the packet, and were guided through the 
procedure via written instructions in the packet. 
Students completed the exercise independently 
and in silence, providing written responses to the 
tasks contained in the packet. 

Following standard procedures, the affirma- 
tion and control exercises presented a list of 
values (such as relationships with friends or 
family or being good at art) (/2). In experiment 
1, treatment students were asked to indicate their 
most important value, control students their least 
important value. In the replication study, treat- 
ment students were asked to indicate their two or 
three most important values, control students 
their two or three least important values. 

Treatment students in both studies then wrote a 
brief paragraph about why their selected value(s) 
were important to them. Control students wrote 
about why the chosen value(s) might be important 
to someone else. To reinforce the manipulation, 
students indicated their level of agreement with 
statements concerning their chosen value(s) (such 
as “I care about these values,” in the treatment 
condition versus “some people care about these 
values,” in the control condition). Upon comple- 
tion, students placed the exercise packet in its 
envelope, sealed it, and returned it. Envelopes were 
collected and forwarded to the researchers. 
Teachers immediately resumed their lesson plan. 
One exercise was completed during the academic 
term in the first study, two in the replication study. 

Multiple regression was used to test treatment 
effects (12). Based on their official transcripts, 
African Americans in the affirmation condition 
eamed higher fall-term grades in the targeted 
course than did those in the control condition. On 
a grade metric (“A” = 4.0, “B” = 3.0, etc.), the 
treatment effect was 0.26 grade points in study 1 
[regression coefficient B = 0.26, (41) = 2.44, P< 
0.02] and 0.34 grade points in the replication [B = 
0.34, (60) = 2.69, P < 0.01]. The likelihood of 
observing two effects of this magnitude by chance 
is approximately 1 in 5000. No treatment effect 
occurred for European Americans in either ex- 
periment [|B’s| < 0.16, |f’s| < 1.1, NS]. The race x 
experimental condition interaction was significant 
in both experiments [B = 0.29, (98) = 2.00, P < 
0.05; B = 0.52, (119) = 2.80, P < 0.01, re- 
spectively]. Tables S1 and S2 present the regres- 
sion coefficients, standard errors, and ¢ values for 
each term in the full regression model for 
experiments 1 and 2, respectively (/2). 

This treatment effect was not limited to a small 
number of students performing poorly or well 
before the intervention. Figure 1, displaying the 


treatment effect at varying levels of preintervention 
performance (averaged over both studies), illus- 
trates the generality of the impact of the treatment. 
It benefited nearly 70% of African Americans. 
The treatment benefit was equally strong for pre- 
viously poorly performing students [#(31) = 2.74, 
P = 0.01] and for students in the moderate range 
[#(30) = 2.40, P = 0.02]. The highest performing 
students benefited less from the intervention than 
did low- or moderate-performing students, but 
covariate-adjusted results continued to show a 
marginally significant trend toward a positive 
effect of the intervention [4(31) = 1.72, P < 0.10]. 

The average performance gap between African 
Americans in the control condition and European 
Americans overall in the fall term of the targeted 
course was 0.75 grade points (0.68 in the first 
experiment, 0.82 in the second). The average 
treatment effect for African Americans was 0.30 
points, roughly a 40% reduction in the racial 
achievement gap. 

Combining the data from both studies provides 
a sufficiently large sample to permit meaningful 
analysis of the rate of poor performance (the per- 
centage of students receiving a D or below) (/2). 
For African American students, this rate was 20% 
in the control condition and 9% in the treatment 
condition, a significant difference in logistic re- 
gression [Wald (1) = 8.14, Ay? (1) = 11.40, P < 
0.01]. European Americans did not vary by con- 
dition (6% versus 7%, respectively). The race x 
experimental condition interaction was significant 
[Wald (1) = 3.96, Ay? (1) = 4.39, P < 0.05]. 
Figure S1 shows that the poor performance rate 
of African Americans in the control condition did 
not differ from that of African Americans in the 


Fig. 1. Mean grade 
point average in the tar- 
geted class as a function 
of student race, experi- 
mental condition, and 
preintervention level of 4 
performance (an average 
of the prior year's GPA 
and preintervention in- 
class performance). Stu- 
dents were categorized 
into low-, moderate-, 
and_ high-performance 
categories on the basis 
of tertiary splits done 
separately within each 
racial group; the catego- 
rization represents stu- 
dents’ relative standing 
within their race. (Left) 
Raw means and error 
terms. (Right) Means 
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fall term of the targeted course in the three pre- 
vious years (z < 1, NS). In contrast, the poor 
performance rate of African Americans in the 
affirmation condition was significantly lower 
(z = -2.73, P < 0.01) (12). That is, the control 
condition showed no effect on performance, 
whereas the affirmation condition did. 

An exploratory issue concerns whether, if the 
affirmation reduced feelings of threat, its impact 
extended to other courses. African American 
students in the affirmation condition earned a 
higher grade point average (GPA) in these non- 
targeted courses than did those in the control 
condition [experiment 1: B = 0.31, 40) = 2.63, 
P < 0.02; experiment 2: B = 0.21, #(58) = 1.70, 
P <0.10 two-tailed test, P < 0.05 one-tailed test]. 
Pooling data from both experiments yielded a 
significant effect [B = 0.23, (108) = 2.51, P< 
0.02]. European Americans again displayed no 
condition effect in either experiment [|B’s| < 
0.13, |?s| < 1, NS]. The race x experimental 
condition interaction was significant in experi- 
ment 1 [B = 0.45, 97) = 2.75, P < 0.01], mar- 
ginal in experiment 2 by a two-tailed test [B = 
0.30, 117) = 1.74, P < 0.09], significant by a 
one-tailed test (P < 0.05), and significant over 
both studies [B = 0.30, (228) = 2.42, P < 0.02]. 
Because of these effects, the treatment effect on 
overall GPA was virtually as significant as it was 
on grade in the targeted course. 

We obtained data related to how the affirmation 
process played out in vivo. The replication study 
provided data on performance over time. Figure 2 
displays average in-class performance (proportion 
of total points earned) for each of 10 chronological 
performance blocks during the academic term 
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(12). These data suggest that the intervention buf- 
fered African American students against the im- 
pact of an early decline in performance by 
interrupting a downward trend. The performance 
pattem of African Americans in the affirmation 
condition, unlike that of the remaining groups, was a 
“sideways S” pattem, well-fitted by a cubic function 
[F(1, 29) = 9.53, P< 0.01], not a downward linear 
trend (F < 1, NS). In contrast, African American 
students in the control condition showed a 
significant downward linear trend; their perform- 
ance continued to fall as the term progressed 
[repeated measures analysis, F(1, 33) = 10.45, P < 
0.01]. European Americans showed a similar, 
although somewhat less steep, downward trend in 
both conditions [F(, 30) = 4.86, F(1, 25) = 7.30, 
respectively, P values < 0.05] (73). 

We also obtained evidence of another psy- 
chological process that may play a role in the 
intervention’ s efficacy by having students complete 
a measure of cognitive activation of the racial 
stereotype presented as a classroom exercise. This 
validated measure consisted of 34 word fragments 
(5, 6). Seven (such as _ACE) could be completed 
with either a stereotype-irrelevant word (such as 
FACE) or a stereotype-relevant word (such as 
RACE). Because the experiments yielded similar 
effects on the primary outcome of course perfor- 
mance and because condition effects on the acti- 
vation measure did not vary by experiment (F’s < 
1.7, NS), data were combined to increase statistical 
power in this ancillary analysis (12). African Amer- 
ican students generated fewer stereotype-relevant 
words in the affirmation condition (mean = 2.79, 
SD = 0.98) than in the control condition (mean = 
3.25, SD = 0.91) [105) = —2.56, P < 0.02]. 
European American students showed no condi- 
tion effect (means = 3.07 and 2.79; SDs = 1.08 
Fig. 2. Mean academic perform- 1.0 - 
ance as a function of chronological 
performance block, student race, and 
experimental condition. Blocks 1 and 
2 represent preintervention perform- 
ance; blocks 3 to 10 represent post- 6 
intervention performance. The data 
on European Americans in both 
conditions were combined, because 
they did not differ significantly. 
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and 1.28, respectively) (¢ < 1.3, NS). The control 
condition thus replicated the established pat- 
tern of African Americans’ displaying higher 
racial-stereotype activation than European Amer- 
icans in intellectually evaluative situations (6) 
[41111) = 2.20, P = 0.03]; the affirmation condi- 
tion eliminated it (|| < 1.5, NS). The race x 
condition interaction was significant [F(1, 218) = 
6.61, P < 0.02]. Activation was not generally 
associated with performance; however, this may 
have occurred because the measure was assessed 
several months after the original intervention and 
the critical performance variable (/2). 

How did our seemingly small intervention 
produce such large effects? First, in normal school 
settings, a negative recursive cycle can occur, where 
psychological threat and poor performance feed off 
one another, leading to ever-worsening perform- 
ance. This downward spiral effect is indicated by (i) 
the relatively steep linear decline in African 
Americans’ performance in the control condition 
(Fig. 2) and (ii) an ancillary analysis that showed, 
after controlling for level of preintervention 
performance, that African Americans in the con- 
trol condition who saw their performance sinking 
early in the term (that is, who showed a relatively 
large preintervention drop from block 1 to block 2) 
performed worse later in the term (earned lower 
mean performance across blocks 3 to 10) (partial r = 
-0.52, P < 0.01) (/2). This was not seen with 
European Americans in either condition (partial r = 
+0.24, P < 0.08). Because a recursive process de- 
pends on a continual feedback cycle, any interrup- 
tion of that cycle could have long-term effects (/4). 

Second, a small reduction in psychological 
threat can set off another recursive cycle by leading 
to a slight improvement in subsequent performance, 
which in tum can further lessen performance- 
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inhibiting threat, etc., leading to sustained or im- 
proving performance over time. Two of our results 
support this notion: (i) The intervention interrupted 
African Americans’ downward trend and deflected 
it upward (Fig. 2), and (ii) an early drop in per- 
formance in this group did not predict worse per- 
formance later (partial r = 0.02, NS). The difference 
in correlations between the African American con- 
ditions was significant (z = —2.06, P < 0.05). 

Third, small interventions can generate large 
effects if those effects accumulate across multiple 
trials (such as the multiple performance oppor- 
tunities observed here) (/5). Even if the interven- 
tion produced only a small improvement on each 
assignment, the sum of those improvements can 
translate into a large effect on final grades. 

Fourth, as past research suggests, the psycho- 
logical availability of mental concepts can affect the 
encoding and interpretation of social experience 
(/6). Consistent with this possibility, our interven- 
tion reduced the psychological availability of the 
stereotype. This then could have changed African 
Americans’ perception of the level of bias in the 
environment, and their interpretations of academic 
success and defeat, over the long term. 

Finally, our apparently disproportionate results 
rested on an obvious precondition: the existence in 
the school of adequate material, social, and psy- 
chological resources and support to permit and 
sustain positive academic outcomes. Students must 
also have had the skills to perform significantly 
better. What appear to be small or brief events in 
isolation may in reality be the last element required 
to set in motion a process whose other necessary 
conditions already lay, not fully realized, in the 
situation. The flicking of'a switch viewed in isolation 
may seem a quick and minor physical movement, 
seemingly out of proportion with the effect of having 
a room or a city block flooded with light. 

Our findings demonstrate that alleviating 
psychological threat can improve intellectual ac- 
hievement in a real-world environment (8). Our 
intervention is among the first aimed purely at 
altering psychological experience to reduce the 
racial achievement gap, a major problem in the 
United States. Unlike other interventions, it be- 
nefits the targeted students, including those most at 
risk, reducing group-based inequality while not 
adversely affecting nontargeted students (17). This 
research highlights the importance of situational 
threats linked to group identity in understanding 
intellectual achievement in real-world, chronically 
evaluative settings. Our results challenge conven- 
tional and scientific wisdom by demonstrating 
that a psychological intervention, although brief, 
can help reduce what many view as an intractable 
disparity in real-world academic outcomes. 
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A Role for the Macaque Anterior 
Cingulate Gyrus in Social Valuation 


P. H. Rudebeck,* M. J. Buckley, M. E. Walton, M. F. S. Rushworth 


Complex human social interaction is disrupted when the frontal lobe is damaged in disease, and in 
extreme cases patients are described as having acquired sociopathy. We compared, in macaques, the 
effects of lesions in subdivisions of the anterior cingulate and the orbitofrontal cortices believed to be 
anatomically homologous to those damaged in such patients. We show that the anterior cingulate gyrus 
in male macaques is critical for normal patterns of social interest in other individual male or female 
macaques. Conversely, the orbitofrontal cortex lesion had a marked effect only on responses to mildly 
fear-inducing stimuli. These results suggest that damage to the anterior cingulate gyrus may be the 


cause of changes in social interaction seen after frontal lobe damage. 


ormal patterns of human social inter- 
| \ | action are disrupted after ventromedial 
frontal lobe damage (/). The absence of 
normal social behavior may be so extreme that 
patients are described as suffering from acquired 
sociopathy (2). The lesions are not restricted to 
ventromedial frontal cortex but encompass lateral- 
ly adjacent orbitofrontal cortex and medially 
adjacent anterior cingulate cortex (ACC). Damage 
to just one anatomical subdivision may explain the 
patients’ impaired social cognition. We assessed 
how selective lesions of ACC gyrus (ACC,), 
ACC sulcus (ACC,), or lateral orbital and ventral 
prefrontal cortex (PFv-++o) affect the way ma- 
caques value social information. 

The possibility that orbitofrontal damage under- 
lies impaired social interaction has received atten- 
tion not just as a result of patient studies but 
because, in macaques, circumscribed orbitofrontal 
lesions lead to altered emotional responsiveness to 
stimuli that normally induce mild fear (3, 4). The 
deficit may be due to an inability to predict the 
reinforcement consequences of a stimulus or of 
another individual. Orbitofrontal lesions impair 
visual discrimination reversal learning, which 
requires the modification of associations between 
stimuli and primary reinforcers (5). It has been 
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argued that the flexible assignment of re- 
inforcement values to stimuli is a prerequisite for 
emotion and social behavior (6). Patients with 
ventromedial frontal lesions also perform poorly 
on visual discrimination reversal tasks (7). On the 
other hand, neuroimaging studies have shown that 
the ACC is active when human participants en- 
gage in social interaction, although its contribution 


ris — 
SS) 


ACC, Lesion 


ACCs Lesion 


has been unclear (8—J/). Despite their proximity, 
the connections of ACC and orbitofrontal cortex 
are distinct in both man and monkey, and so their 
roles in social behavior may be correspondingly 
distinct (12-14). 

The three lesions are summarized in Fig. 1 (and 
figs. S1 to S3). The PFv+o lesion was similar to 
one previously used to remove the principle target 
region of visual connections within the frontal lobe 
(/5). The ventromedial region, which has con- 
nections with both PFv+o and ACC, regions 
(13), was excluded to better assess each area’s 
independent contribution to social behavior and 
emotion. Three animals received each lesion, and 
performances were compared with those of four 
unoperated controls. 

Measurements were made of latencies to pick 
up food items in the presence of fear-inducing 
stimuli (toy snakes) in experiment 1, social stimuli 
(short films of other macaques) in experiment 2, or 
neutral control objects (fig. S4b). The latencies 
indexed the macaques’ assessment of the value of 
obtaining further information about the stimulus 
before reaching and reflected their relative valuation 
of the stimulus in contrast to the incentive value of 


PFv+o Lesion 


Fig. 1. Summary of (A) intended ACC, lesion, (B) intended ACCs lesion (in both cases medial and 
lateral views of the brain are shown in top and bottom images, respectively), and (C) intended 
PFv-+o lesion (ventral and lateral views are shown in top and bottom images, respectively). Lesion 
locations are shown on views adapted from the atlas of Paxinos et al. (29). 
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the food. Normally macaques react fearfully to 
snake stimuli even in the absence of prior ex- 
perience (/6), but such responses to the type of 
stimuli used in experiment 1 have been shown 
to be disrupted by lesions of more-medial or- 
bitofrontal cortex (3, 4). Male macaques prefer 
to view images of females or males of high 
social status, similar to those used in experi- 
ment 2, and will forgo small food rewards to do 
so (17, 18). Macaques may estimate dominance 
of even unknown males from their appearance 
because of its correlation with size, age, and 
maturity (/9). 

Animals were tested in the Wisconsin General 
Testing Apparatus (WGTA) (fig. S4a). On each 
trial, they were given 30 s to pick up a small food 
item. A 30-s intertrial interval preceded the onset of 
the next trial. On each day, animals were exposed to 
five different stimuli of possible social or emotional 
importance and 10 neutral objects that were placed 
in a plastic box beneath the food. The test was 


Fig. 2. Response to A 
mild fear and social 
stimuli in experiment 1. 
(A) Median latency to 
retrieve food in the pres- 
ence of a mild fear- 
inducing stimulus (static 
or moving snake). (B) 
Median latency to re- 
trieve food in the pres- 
ence of social stimuli in 
experiment 2, either un- 
known human actors 
(left) or macaques 
(right). (C) Median la- 
tency to retrieve food in 
the presence of neutral 
control stimuli. Symbols 
indicate scores for each 
individual. 
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Fig. 3. Visual discrimina- A 

tion reversal learning task. 
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mals had to relearn the 
new stimulus reward as- NO REWARD 

sociation to a criterion of \ 

90%. Animals completed m 
nine full reversals after J 
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repeated for 4 days with the same stimuli and for 4 
further days with a new stimulus set. 

The four groups did not respond in the same 
way to the mild fear stimuli in experiment | (Fig. 
2A). A three-way analysis of variance (ANOVA) 
comparing reaching latencies of the four groups to 
the two snake stimuli during four presentations of 
each revealed significant differences [group by 
stimulus interaction: F(3, 9) = 9.725, P = 0.003]. 
Although control animals were not always fearful 
of a static rubber snake, they were consistently 
reluctant to take food from above a moving toy 
snake, but the case was significantly different for 
both the PFy+o group [stimulus by group 
interaction (control or PFv-+o): F(1, 5) = 31.141, 
P = 0.003] and the ACCs group [stimulus by 
group interaction (control or ACC,): F(l, 5) = 
18.953, P = 0.007]. The ACC, animals varied in 
their responsiveness to the moving snake, with one 
individual, G2, within the control range, so there 
were no significant differences between ACC, 
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and controls (P > 0.1). The difference between the 
ACC,, and PFv+o group reached borderline 
significance [F(1, 4) = 7.548, P = 0.052]. 

The four groups also differed in responsiveness 
to the social stimuli in experiment 2, but now the 
effect was due to the distinctive pattern of behavior 
in the ACC, group. There was agreement among 
normal male controls as to which social stimuli of 
other macaques were more interesting (/7); 
reaching latencies varied significantly depend- 
ing on stimulus [F(1, 4) = 17.493, P = 0.018] 
(Fig. 2B). They were slower to pick up food in 
the presence of a large staring male, a female 
macaque with visible sexual perineal swellings, 
and a midsized macaque making affiliative 
lip-smacking gestures (Fig. 2B, right) than was 
the case with other less socially salient images. 
The same effect was not, however, seen in all 
groups [main effect of group: F(1, 5) = 14.113, 
P = 0.013] (Fig. 2B). The ACC, group re- 
mained uninterested in any of the images of 
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other macaques, and the patterns of change in 
interest with stimulus type seen in the control 
group were absent (Fig. 2B). ACC, perform- 
ance was significantly different to both that 
of controls [main effect of group: F(1, 5) = 
14.113, P = 0.013] and that of the PFv+o 
group [main effect of group: F(1, 4) = 8.651, 
P = 0.042], although the contrast with the 
ACC, group did not reach significance (P > 
0.1). By contrast, comparable modulations of 
reaching latencies were seen in PFv+o and 
ACC, groups as in the controls, and there were 
no significant differences between any of these 
three groups (P > 0.1). A complementary anal- 
ysis of the expression of social behaviors found 
that ACC, animals produced fewer social re- 
sponses than either control, PFv+o, or ACC, 
animals (Materials and Methods and fig. S5). 
Previous investigations have assessed mac- 
aques’ emotional and social responsiveness by 
exposure to unfamiliar humans (5). Although 
PFv-+o latencies were generally comparable to 
those of control animals, they were sometimes 
shorter in response to one of the two unfamiliar 
humans, and this prevented ANOVAs involving 
this group from reaching significance (Fig. 2B). 
Nevertheless a comparison of the ACC, and 
control groups once again revealed significant 
differences [main effect of group: Fl, 5) = 
7.030, P = 0.045]. 

To further test the robustness of the distinction 
drawn between ACC, and PFv+o group’s dimin- 
ished responsiveness to mild fear and social stim- 
uli, respectively, we used a four-way ANOVA to 
compare the two groups’ latencies for the two 
exemplars of fear stimuli and the two most ef- 
fective exemplars of social stimuli (female ma- 
caque and dominant male macaque) across the 
four presentations. A highly significant interac- 
tion between stimulus category, stimulus exem- 
plar, and group was found on comparing ACC, 
and PFv-+o groups [F(1, 4) = 23.494, P = 0.008]. 
The difference was only marginally significant 
[FU, 4) = 4.954, P = 0.09] when ACC, and 
ACC, groups were directly compared. 

Significant reductions in ACC, reaching 
latency were only observed on trials involving 
social stimuli but not when control objects were 
presented (Fig. 2C). Although group differences 
were found in responses to the first set of neutral 
junk objects and moving inanimate visual patterns 
[F(9, 27) = 2.817, P = 0.046], these transpired 
to be due to quicker latencies in the PFv+o 
group in comparison with those of controls 
[F(1, 5) =30.075, P = 0.003] and not quicker 
latencies in the ACC, group (P > 0.1). Sig- 
nificant interactions [F(1, 5) > 6.686, P < 0.05] 
between group (ACC, versus control) and stim- 
ulus (neutral versus each of the four most 
effective social stimuli) confirmed the specific- 
ity of the ACC, effect to social stimuli. 

The orbitofrontal involvement in emotional 
responses to stimuli, such as those that induced 
mild fear (Fig. 2A), may be related to its role in 
representing expectations about the reinforce- 


ment outcomes associated with stimuli because 
lesions also impair visual discrimination reversal 
learning (3—7, 20). Unlike the orbitofrontal cor- 
tex, the ACC, contribution to social behavior 
may be unrelated to the representation and learn- 
ing of outcome expectations. Indeed, both ACC, 
and ACC, groups were unimpaired on a reversal 
learning test similar to the one previously used 
with orbitofrontal lesions (P > 0.1) (Fig. 3). 

It has previously been observed that macaques 
spend less time in proximity with one another after 
large ACC lesions (2/). The present results 
suggest that this may be a consequence of a 
lowered valuation of social information. The 
specificity of the ACC, lesion was apparent 
when its effects were compared with those of the 
PFv-+o lesion on several tests involving fear and 
social stimuli. The ACC region critical for 
mediating the valuation of social stimuli appears 
to be the ACC, immediately rostral and dorsal to 
the genu of the corpus callosum and includes 
areas 32 and rostral area 24. The ACC, lesion 
did not include subcallosal area 25 ventral to the 
genu of the corpus callosum (Fig. 1 and fig. S2), 
which has been linked with mood change and 
depression (22). The ACC, lesions sometimes 
disrupted parts of ACC,, but the damage was 
neither complete nor bilateral. Moreover, it is 
difficult to attribute the deficit to the ACC, be- 
cause complete ACC, lesions only affected the 
mild fear task significantly and not the social 
task; a pattern of change opposite to that seen in 
the ACC,, group. A note of caution is warranted, 
although ACC, and ACC, groups exhibited 
opposite patterns of change when contrasted with 
controls, often only marginally significant differ- 
ences were found when the two groups were 
directly compared with one another, perhaps be- 
cause of the small group sizes and some in- 
terindividual variability that might be related to 
damage to adjacent white matter. Despite these 
caveats, the absence of consistent impairment 
after ACC, lesions should not be overlooked. 
The ACC, lesion is not simply ineffective and is 
known to cause clear changes in reward guided 
choice and decision-making (23). 

Signal changes have been recorded in a 
homologous area when human subjects perform 
tasks requiring consideration of other individuals 
or engagement in social interaction ($—//). The 
prisoner’s dilemma game, ultimatum game, and 
theory of mind tasks used in neuroimaging studies 
are complex, and changes are recorded beyond 
the ACC, making it difficult to ascertain its 
particular importance. ACC,, changes have also 
been correlated with autistic social interaction 
impairments (24). The present results demonstrate 
an essential and causal role for ACC, in valuing 
social information when the implications of 
another individual’s presence must be taken into 
account before acting. 

Normal emotion and social behavior is 
dependent on the integrated interactions of sev- 
eral brain areas, including orbitofrontal cortex 
and amygdala (25, 26), but the present study 


suggests the ACC,, has an important comple- 
mentary role. Orbitofrontal cortex may be 
essential for emotion and social behavior as a 
consequence of its involvement in the repre- 
sentation of the outcome expectancies that 
guide choice and learning (4, 5, 20) and its 
general role in encoding the relative economic 
values of a wide range of both social and non- 
social stimuli (4, 27). Damage to any one of 
these interconnected areas early in development 
may lead to widespread neurobiological and 
behavioral changes (28). 
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SEM Technology 


NEVVPRODUCT 


New WETSEM technology enables scanning electron microscopes to image and analyze 
wet samples such as cells, tissue biopsies, and foods in their native environments. Elimi- 
nating the need for time-consuming preparation procedures, the technology ensures 
that sample integrity is not compromised by artifacts and solves the problem of prepar- 
ing wet samples for high-resolution imaging. The technology closes the resolution gap 
between conventional electron microscopy and light microscopy and offers the conven- 
ient sample preparation of light microscopy. 

Electron Microscopy Sciences For information 215-412-8400|www.emsdiasum.com] 


Handheld Dispensers 

The Repeater stream and Xstream are easy-to-use, 
ergonomic handheld dispensers that offer 
speed, precision, and flexibility as well as the abil- 
ity to dispense liquids with high vapor pressure 
and/or high viscosity, while also preventing 
cross-contamination. They feature a motorized 
piston, intuitive programming, and a simple one- 
button tip ejection system. When these dispensers 
are used with the Eppendorf Combitips Plus tip 
system, the tip is automatically recognized and its 
volume displayed. Both models perform all 
standard pipetting and dispensing functions; the 
Xstream can also perform titrations, supernatant 
removal, and sequential dispensing. 

Eppendorf North America For information 


800-645-305 ofwmceppendorina com] 


Mass Spectrometer 

The Q-Tof Premier is a quadrupole, orthogonal 
acceleration time-of-flight (TOF) tandem mass 
spectrometer designed to offer enhanced levels 
of flexibility, sensitivity, specificity, and speed of 
acquisition. The Q-Tof Premier, when combined 
with Ultra Performance LC, provides high quality 
data in a wide variety of applications, including 
metabolite profiling, biomarker discovery, and 
quantitative proteomics. The system's LockSpray 
source automates the acquisition of exact mass 
measured data. 

Waters For information 800-252-4752 


www.waters.com 


Hepatocyte Cell Transfection 

A powerful cationic polyethylenimine (PEI)— 
derived transfection reagent optimized for the 
delivery of genes to primary human hepatocytes 
and hepatocyte-like cells is available. Compatible 
with serum and antibiotics, jetPEl-Hepatocyte 
DNA transfection reagent has demonstrated 
transfection efficiencies greater than 50% in 
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primary hepatocytes. Similar transfection effi- 
ciencies have been shown in popular hepatocyte- 
derived cell lines such as BNL-CL.2 and HepG2. 
The jetPEl-Hepatocyte is a galactose-bearing 
linear polyethylenimine designed to enhance the 
transfection of cells expressing galactose-specific 
membrane lectins. 

Polyplus-transfection For information 


760-481-4918 ww_polyplUS= transfection. com] 


Charged Aerosol Detector 

The Corona Charged Aerosol Detector offers all-in- 
one performance benefits to the high-performance 
liquid chromatography market that refractive 
index, low wavelength, evaporative light scatter- 
ing, and chemiluminescent nitrogen detector 
methods lack. Already in use by major pharmaceu- 
tical companies, it has been enhanced for greater 
compatibility with solvents used in industrial, 
chemical, and polymer analyses. The new Corona 
Plus is designed to address the needs of laboratory 
personnel who use THF (tetrahydrofuran) as a 
mobile-phase component in the chromatographic 
separations and sample analyses. 

ESA Biosciences For information 


+44 1844-239381 fwww.esainc.com] 


Increased Transformation Efficiency 
DNA transformation can be difficult to achieve in 
many bacterial strains due to the presence of 
restriction/modification (R-M) systems that cleave 
unmodified DNA that is recognized as “foreign.” 
TypeOne Restriction inhibitor provides a powerful 
method for increasing transformation efficiencies 
in bacterial strains with type | R-M systems. Type- 
One Inhibitor is readily electroporated into cells 
along with transforming DNA. In vivo, the protein 
acts as a molecular decoy that inhibits DNA cleav- 
age, leaving the transforming DNA intact. 
Epicentre Biotechnologies For information 


800-284-847 4fawmcEDIETO. Com] 


Sealing Tape Roll 

The Nunc Sealing Tape Roll Dispenser conve- 
niently provides researchers with the means to 
protect plate wells from contaminants, dust, and 
evaporation. Each dispenser contains a roll of 
1000 clear, polyester tapes with self-sealing 
acrylic adhesive backing that firmly adheres to 
plate wells. Each tape is 121 mm by 78.33 mm 
and is suitable for use with all microplates, 
including those constructed of polypropylene, 
polystyrene, and other popular resins. A tab 
enables easy removal of the adhesive backing. 
Unlike heat seal tapes, Nunc adhesive sealing 
tapes do not require a separate instrument to 
use. The tapes accommodate a temperature 
range of —20°C to +120°C. 

Nalge Nunc International For information 


585-586-8800 [mma nuncbrand.con 


For more information visit Product-Info, 
Science's new online product index 
at |http:/science.labvelocity.com 
From the pages of Product-Info, you can: 
* Quickly find and request free 


information on products and services 
found in the pages of Science. 

+ Ask vendors to contact you with more 
information. 


* Link directly to vendors’ Web sites. 


Newly offered instrumentation, apparatus, and laboratory 
materials of interest to researchers in all disciplines in academic, 
industrial, and government organizations are featured in this 
space. Emphasis is given to purpose, chief characteristics, and 
availability of products and materials. Endorsement by Science 
or AAAS of any products or materials mentioned is not implied. 
Additional information may be obtained from the manufacturer 
or supplier by visiting[www.science.labvelocity.comjon the Web, 
where you can request that the information be sent to you by 
e-mail, fax, mail, or telephone. 
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HU:-O 


Human Proteome Organisation 


HUPO 5th Annual World Congress 


The HUPO 5th Annual World Con- 
gress, “Translating Proteomics from 
Bench to Bedside,’ will take place in 
the Long Beach Convention Center. 
The center occupies a waterside 
location surrounded by a variety of 
hotels, restaurants, and shops, all 
within an easy walk. Long Beach 

is centrally located in the heart of 
Southern California, approximately 
25 miles south of Los Angeles, on the 
Pacific Coast. 


HUPO 2006 Mission 


+ To facilitate the exchange of 
scientific ideas, knowledge, and 
information 


+ To promote the application of 
proteomic based novel prognostic, 
diagnostic, and therapeutic tools 


+ To advance our understanding of the 
proteomic basis underlying human 
diseases 


http://www.hupo2006.com 


Go on-line to: 
Submit abstract (select “abstract 
submission”) 

Register (select Registration’) 


Book hotel room (Select “Hotel 
reservations”) 


View program (select “Congress 
Program”) 


View exhibitors 
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October 28 — November 1, 2006 
Long Beach, CA 


Photo courtesy of Destinations Long Beach Magazine 


PRE-CONGRESS PROGRAM 
Saturday, October 28 and Sunday, October 29 
¢ Education Program * Clinical Day 


CONGRESS PROGRAM 
Sunday evening, October 29: 
Exhibition Opening and Reception 


Monday - Wednesday, October 30 - November 1, 2006: 
Over 20 symposia, oral sessions, and poster sessions 
on the topics of: 
* Bioinformatics in Proteomics - Post-Translational Modifications 


* C. Elegans Proteomics - Protein Arrays 


« Diabetics and Metabolic Disorders + Proteomics and Therapeutics 


+ Glycoproteomics « Single Molecular Detection 


« Human Disease Proteomics ¢ Stem Cell Proteomes 


» Mass Spectrometry » Systems Biology and Networks 


¢ Membrane Proteins and ¢ The Mitochondrial Proteome 


Proteomics « The UPS-Proteasome Complexes 


Metabolomics Plus: workshops, panel discussions, 


and corporate symposia 


Nanotechnology and Single 
Molecular Imaging 


Novel Technologies in Protein 
Separations 


EXHIBITS. The Long Beach Congress provides many opportunities for 
companies to exhibit and promote products and services to an elite group of 
scientists. Exhibit booths, scientific posters, Internet access and refreshment 
breaks will be located in the exhibit hall. Details are available on the Congress 
web site. 


Congress Co-Chairs: 
Professor Peipei Ping, UCLA 
Professor John Yates, Scripps Research Institute 


For information, call the Congress Management Office: 505-989-4876 
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rug discovery and development projects can generate hun- 

dreds of thousands of compounds that scientists must ana- 

lyze to characterize structures and identify impurities. Once 
they have identified a drug target and have run bioassays to under- 
stand better how it functions, they can focus their efforts on finding 
small organic molecules that alter the target’s function. To character- 
ize these small entities, as well as larger biomolecules, life scientists 
increasingly rely on mass spectrometry (MS). 

Originating in physics labs, MS has gradually gained a significant 
spot in the pharmaceutical world. “Its latest impact will be on the 
rational approach to drug design, via its capability to elucidate pro- 
tein posttranslational modifications,’ says Emmanuel Raptakis, 
product manager of Shimadzu Biotech. “It gives an excellent view 
of molecules and their modifications.” The technology’s application 
has also begun to spread beyond small-molecule drugs. “With the 
more modern techniques, it also applies to biomolecules such as pro- 
teins, glycoconjugates, or oligonucleotides,’ explains Christoph 
Menzel, global product manager for mass spectrometry at Qiagen. 
Beyond that, adds Jasmine Gray, marketing director for protein sci- 
ences at GE Healthcare, “Biomarker discovery is the buzzword that 
everybody’s using. MS is one of the critical parts of the identification 
and characterization of proteins.” 


‘Ubiquitous and Indispensable’ 

Douglas Mautz, senior director of pharmacology (discovery absorp- 
tion, distribution, metabolism, and excretion [ADME] and drugs and 
pharmacology metabolism) for contract research organization MDS 
Pharma Services, summarizes the situation. “I saw mass spectrome- 
try was amazingly powerful in life science 15 years ago,” he recalls. 
“Now I view it as nearly ubiquitous and indispensable.” Lester Taylor, 
product manager for life science mass spectrometry at Thermo 
Electron, outlines the technology’s clinical potential. “The develop- 
ment of drugs with higher potency that you can take once a day rather 
than more often has presented a challenge of analytical detection of 
low levels in plasma and urine,” he says. “MS facilitates that.” 


Inclusion of companies in this article does not indicate endorsement by 
either AAAS or Science, nor is it meant to imply that their products or serv- 
ices are superior to those of other companies. 


science.labvelocity.com 


Mass Spectrometry in Drug Discovery 
and Development: From puysics TO PHARMA 


Long a quintessential tool of physicists, mass spectrometry has emerged as a critical technology for the 
pharmaceutical field. It gives researchers greater sensitivity, higher throughput, and extra information 
about molecules with druggable potential. by Peter Gwynne and Gary Heebner 


The technology’s value spans the entire drug pipeline. “In clini- 
cal trials, where you can generate thousands of samples, you need to 
be able to quantify drugs and metabolites quickly and accurately,” 
points out Joe Anacleto, senior director of the small molecule busi- 
ness for Applied Biosystems. “MS is the method of choice for 
that.” Indeed, says Robert Plumb, pharmaceutical application and 
development manager for Waters Corporation, “It has become 
almost a cornerstone of modern drug discovery and development, 
from target identification and validation up to combinatorial chem- 
istry and parallel synthesis chemistry.” Victor Fursey, assistant vice 
president for sales and marketing at Bruker Daltonics, echoes that 
thought. “You see mass spectrometry in everything from new chem- 
ical entities to formula determination to target profiling and preclin- 
ical work,” he says. “Now, you even see it at the far end, in manu- 
facturing. And many researchers are working to bring mass spec- 
trometry into diagnostics.” 

Mass spectrometry doesn’t stand alone. Pharmaceutical researchers 
routinely team it up with other techniques to obtain synergistic effects. 
“Liquid chromatography/mass spectrometry (LC/MS) is now the de 
facto technique for providing quantitative data for drug evaluation and 
submission for drug approval,” Taylor explains. 

Taylor makes another key point. “Instruments no longer have ded- 
icated mass spectroscopists running them,” he says. “Now, in many 
of the biological applications, biologists are using the tools. Vendors 
need to ensure the highest standards of performance in a way that’s 
much more robust and easy to obtain on a routine basis.” 


Flavors and Configurations 
Biological molecules produce 
several fragments when subject- 
ed to mass spectrometry. The 
technique does not yield the 
fragments’ actual masses. e 
Rather, it determines their mass- e 
to-charge ratio; if scientists MS systems 
know an ion’s charge, they can ¢ Data analysis 
then calculate its mass. The e Metabolic profiling 
fragments produce ° MS services 


a mass spec- 
trum that scientists 
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can use to identify each molecule uniquely. Because biomolecules’ 
mass spectra differ little from instrument to instrument, the informa- 
tion can be stored in a database and unfamiliar spectra searched 
against known ones. 

Mass spectrometers typically include three components: an ion- 
ization device, a mass analyzer, and a detector. Since almost any 
ionization method can be coupled to any mass analyzer, commer- 
cially available mass spectrometers come in what Alan Millar, 
Waters’s Synapt product manager, calls “several different flavors 
and configurations.” 

Life scientists usually rely on two ionization methods: matrix- 
assisted laser desorption ionization (MALDI) and electrospray ion- 
ization (ESI). MALDI is a solid phase technique that can analyze a 
digested protein sample from a 2-D polyacrylamide gel. ESI, a liq- 
uid methodology, is compatible with high pressure liquid chromatog- 
raphy (HPLC) and capillary electrophoresis (CE). 

Mass analyzers commonly used for biochemical applications 
include ion trap, time-of-flight (TOF), triple-quadrupole, and 
quadrupole-TOF instruments. Ion trap systems capture ions in a 
small volume and then eject specific ranges of masses toward a 
detector. Their advantages include compact size and the ability to 
increase the signal-to-noise ratio of a measurement. In TOF systems, 
each ion has the same kinetic energy but moves at a speed that varies 
with its mass. Time-of-flight analyzers are highly compatible with 
very fast ionization methods such as MALDI. Quadrupole (or quad) 
analyzers permit only ions with specific mass-to-charge ratios to 
pass through an electrical field to the detector. Varying the field 
allows users to analyze different ions. 

After they travel through any analyzer, ion species strike an ion 
detector. This ejects electrons that cause a voltage proportional to the 
number of ions that passed through the analyzer. 

Researchers often couple quadrupole analyzers to ESI devices, 
and frequently use them in tandem configurations (referred to as 
MS/MS). Vendors now offer combinations of mass analyzers as solu- 
tions to specific problems in drug discovery and development. “We 
see a proliferation of hybrid instruments, ending up as one plus one 
equals three,’ Applied Biosystems’ Anacleto notes. 


Mother Nature’s Cruel Way 

The major barrier to productive MS analysis is not the instrumen- 
tation, but successful purification of biomolecules suitable for 
analysis. “The most important proteins in biomarker discovery are 
the low-abundant proteins; that’s Mother Nature’s cruel way of 
treating us,” GE Healthcare’s Gray explains. “That puts pressure on 
the front end — sample preparation — and the back end — mass spec- 
trometry and data analysis. To look at low-abundant proteins, you 
need increasingly more sensitive techniques on the MS end and 
increasingly better fractionation on the front end. Sample prepara- 
tion is the most critical phase of the whole process. Any sins you 
commit here cannot be recovered by even the most sophisticated 
mass spectrometer.” 

That’s why sample preparation has become the most critical and 
challenging task in MS analysis. It involves purifying, storing, and 
recovering proteins, peptides, and other biomolecules and removing 
such contaminating species as buffers, salts, and detergents prior to 
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MS analysis. “You’re not looking to filter one protein away from the 
others; you're trying to reduce the complexity of a sample,’ Gray 
points out. “It’s still a mixture that you want to enrich.” 

EMD Biosciences, Pierce, and Sigma-Aldrich, among other 
companies, offer a wide range of products and kits for purifying pro- 
teins and other biological molecules for MS analysis. GE Healthcare, 
which has long produced chromatography columns and systems, pro- 
tein purification kits, and reagents, now offers specialized kits for use 
with MS studies. Those include its Ettan CAF MALDI Sequencing 
Kit for peptide-mass fingerprinting using MALDI-TOF mass spec- 
trometry. “Chemically, it’s a process that results in more reproducible 
fragmentation of the peptides in MALDI ionization,’ Gray explains. 

Another preparatory method involves liquid chromatography. 
Termed Ultra Performance LC by Waters, the method takes advan- 
tage of the performance abilities of sub—-two-micron particles. Used 
as front ends for mass spectrometry, UPLC systems can improve res- 
olution by a factor of two, sensitivity by a factor of three, and sepa- 
rations by 10 times. 


Chip-based Products 

Qiagen also offers kits and reagents for sample preparation prior to 
MALDI-MS, including two chip-based products released this year. 
“Our Mass:Spec-Focus Chips are engineered for higher sensitivity 
and purification of samples from, for example, 2-D gel separation,” 
Menzel says. “Their functionalities such as phosphopeptide enrich- 
ment derive from different zones on the chip’s surface that retain par- 
ticular peptides and simultaneously guide the droplet for a concentra- 
tion in the analysis zone. This gives up to one thousand times the sen- 
sitivity compared with conventional targets.” 

The company’s Mass-:Spec:Turbo Chips, meanwhile, offer higher 
throughput and particular LC-MALDI applications. Each chip con- 
sists of a dense array of very homogenous matrix spots deposited by 
vacuum sublimation on an ultraphobic surface. “This allows simple, 
reproducible LC-MALDI applications with increased sensitivity 
without interfering with established protocols” Menzel says. 

Further in preparation for mass spectrometry Qiagen’s 
Qproteome series of protein fractionation kits is designed to “reduce 
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Video Features from Science 


As part of its continuing service to readers, Science announces 
two new video features. A new documentary complements the 
report on AIDS in Latin America and the Caribbean that 
appeared in the 28 July issue of this publication. Prepared by 
Biocompare and Science, it features interviews with notable 
scientists, physicians, and activists who help to treat and pre- 
vent HIV/AIDS in the region. You can find the presentation at: 


HTTP://WWW) N MAG.ORG 
J AIDSVIDEO | 


Another new feature comes from Science Online Seminars. The 
editors of Science select an author of a breakthrough paper to 
discuss the application of the research and/or the methods 
and protocol in an audio/slideshow presentation. Produced by 
the Office of Publishing and Member Services, the show is free 
and requires no registration. Just go to Science Online at: 


HTTP://WWW IENCEMAG.ORG 
ONLINESEMINAR 


the overwhelming complexity in biological systems,’ as Menzel 
explains. To supplement the pure fractionation kits, the company 
offers depletion kits that sort out high abundant proteins and total 
protein extraction kits that allow gentle but effective lysis of mam- 
malian or bacterial cells. 

GE Healthcare has recently released three new separation tech- 
nologies. “Ettan nanoLC and Ettan MDLC give researchers flexibil- 
ity in their peptides’ separation methods upstream of MS. And 
nanoCOLLECT interfaces with the chromatography systems as a 
microfraction collector or spotting of fractions onto MALDI slides,” 
Gray says. “We have created different chromatography solutions that 
interface to the different types of mass spectrometry. That’s useful 
because you will tend to identify different proteins depending on 
what type of mass spectrometry technique you use — whether electro- 
spray or MALDI; you have to choose your weapon.” Since only a 
small proportion of identified proteins overlaps the different MS 
methods of upstream separation methods such as 2D electrophoresis 
and chromatography, she continues, “Researchers try to arm them- 
selves with as many methods as possible to identify as many low- 
abundant proteins as possible.” 


No Standing Pat 

Suppliers of mass analyzers refuse to stand pat on their technology. 
Several have recently introduced MS systems or enhancements that 
can provide additional data for researchers working in both drug dis- 
covery and life science research. 

Waters recently introduced the first mass spectrometer to employ 
new ion-mobility technology and software, which it calls the Synapt 
High Definition MS System. “It’s a new category of mass spectrom- 
etry,’ Millar explains. “It has a very innovative performance and 
functionality. It introduces an additional dimension of ion separation: 
Ions are separated according to size, shape, and charge prior to mass 
spectrometry. That results in more specificity, which means that we 
can extract more information.” 


science.labvelocity.com 
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A key feature of this new system is the patented Waters Triwave 
technology, a method for combining highly efficient measurement 
and separations based on ions’ mobility with high performance 
quadrupole/TOF mass spectrometry. “This is the enabling technolo- 
gy that powers the Synapt system,” Millar says. “It permits the high- 
efficiency ion mobility, which is very important. It also enables us to 
combine the ion mobility with the tandem MS. It’s not just about per- 
forming the ion mobility but being able to combine it into a solu- 
tion.” Operational control and data acquisition and processing are 
performed through the company’s MassLynx Software. 

Shimadzu Biotech’s AXIMA-TOF’, launched in June, repre- 
sents the next generation in MALDI collision-induced dissociation 
(CID) MS/MS. A TOF-TOF mass spectrometer with high energy 
MS/MS, it delivers information-rich spectra with greater sensitivi- 
ty and higher confidence in identification. “It uses electron tech- 
nology licensed from Johns Hopkins University that allows high- 
energy CID without the need to accelerate the ions; that gives bet- 
ter transmission,” Raptakis says. “It’s a very versatile tool — the 
highest energy collision-induced dissociations you can get. It has 
the ability to look at complex structures like peptides and lipids, 
which will break very effectively in a number of highly informative 
pathways. It is the most efficient way to discover, for example, dou- 
ble bond localization in lipid research and to generate cross-linked 
cleavage in oligosaccharides structural elucidation experiments.” 

Applied Biosystems recently launched another system aimed at 
drug discovery, that it calls the LightSight Software for Metabolic 
Identification. “It’s a new piece of software especially for metabolite 
discoveries in the drug discovery phase,’ Anacleto explains. “We 
worked very closely with over a hundred scientists to understand 
their work flows in identifying metabolites quickly and easily. It’s 
focused primarily on productivity for fairly routine work finding key 
metabolites.” Scientists can use the system with the Applied 
Biosystems 4000 Q TRAP mass spectrometer, as well as other triple 
quadrupole and hybrid linear ion trap mass spectrometers from 
Applied Biosystems/MDS SCIEX. 


Dealing with More Data 

As a consequence of their increased sensitivity and higher through- 
put, MS technologies generate significantly more data than in the 
past. “You might acquire a mass spec in 20 to 30 seconds and find 
yourself looking at 20-30 megabytes of data,” says Ian Brookhouse, 
development manager for MALDI mass spectrometers at Shimadzu 
Biotech. To manage this increase, companies such as Agilent, 
Ciphergen, PerkinElmer, and Waters offer software for data man- 


agement and analysis, often integrated into the MS 
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system. “We’ve been working on application managers — dedicated 
software tools that permit you to put a particular focus on specific 
tasks such as proteomics or metabolic identification, or food safety,” 
Waters’s Plumb reports. “We also have the ability to store an archive 
and retrieve it, and to combine data from different projects, such as 
MS and X-ray crystallography.” 

Thermo Electron has introduced what it calls QuickQuan for 
automating high-throughput LC-MS/MS assays in early drug dis- 
covery. “This is a software and hardware solution that allows users 
to analyze multiple sets of compounds in an automated fashion 
without having to optimize and tune for a particular compound,” 
Taylor says. “You can automatically set up to run for each com- 
pound you’re checking on. The system tunes itself automatically 
and analyzes assay samples overnight without needing to have 
people on hand. It works in combination with our triple quadru- 
pole system.” 

Last year, GE Healthcare launched its DeCyder MS differential 
analysis software. “It creates a three-dimensional plot of the reten- 
tion time and m/z ratio,” Gray says. “Instead of traditional peaks, 
you have a signal intensity spot map like a 2-D electrophoresis 
map. It basically helps you to compare the different peptides 
between different runs and tease apart all the nuances and find that 
needle in the haystack.” 

Fursey of Bruker Daltonics highlights an emerging field facili- 
tated by MS. “Metabolomics is gaining a lot of momentum in the 
effort to understand the pharmaceutical world,’ he says. “Much of 
what’s going on in metabolomics stems from nuclear magnetic res- 
onance [NMR] technology. We’re finding that mass spectrometric 
data can be very complementary to NMR.” His company and 
Bruker BioSpin offer the Metabolic Profiler, an integrated platform 
for metabolic studies and analyzing complex mixtures. It features an 
HPLC-microTOF ESI-TOF system and an optional Avance NMR 
spectrometer and integrated 
software for data acquisition, 
evaluation, and statistical analy- 
sis in such applications as 
assessing the metabolic profile 
of a living organism to distin- 
guish between normal and 
altered states and studying the 
mechanism of drug-induced 
toxicity. Fursey notes that the 
Metabolic Profiler is fully inte- 
grated into the Bruker Compass 
OA software environment. 
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Applied Biosystems 

mass spectrometry systems, 
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mass spectrometry systems, 
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MS software, 
http://www.ciphergen.com 
Covance, Inc. 

contract research organization, 
http://www.covance.com 
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The CRO Connection 

Although vendors have made 
their MS systems increasingly 
user-friendly, some drug discov- 
ery and development groups — 
particularly in small and medi- 
um-sized pharmas — prefer to 
keep the technology at a dis- 
tance. They turn to contract 


1318 


AAAS / Science Business Office Supplement 


research organizations (CROs) such as Covance, MDS Pharma 
Services, PPD, and Quintitles for MS and related services. 

MDS, for example, provides a full spectrum of resources, includ- 
ing mass spectrometry, to meet the pharmaceutical and biotechnol- 
ogy industries’ drug discovery and development needs. “While 
access to capacity is certainly one advantage,” Mautz says, “we find 
that our sponsors value access to expertise and our experience in 
handling compounds with less than ideal biophysical properties.” 

While multiple lines of business in MDS use mass spectrometry, 
Mautz’s team has a particular focus on discovery ADME. “We offer 
standard quantitative work,” he says. “And because we are an ADME 
group, we move from quantitative into qualitative aspects of mass 
spectrometry. When we ask what are the metabolites, fragmentation 
analysis by mass spectrometry is the most powerful tool to provide 
an answer.” 

In addition, Mautz’s team is working on MALDI imaging/profil- 
ing for analysis of tissues. “MALDI imaging represents a new and 
exciting technique for improving our understanding of distribution 
while still in discovery,” Mautz explains. “If the ADME sciences can 
provide a better distribution picture earlier on, discovery teams may 
choose compounds that are more likely to get to the site of actions or 
to avoid those going somewhere they don’t want them to go. This 
may in turn improve the clinical failure rates.” 

Mass spectrometry has rapidly found a new home in drug dis- 
covery and development. Manufacturers who have already devel- 
oped a wide range of capable systems will continue to focus on inte- 
grating different components and streamlining upstream sample 
preparation steps. 


Peter Gwynne |(pgwynne767@aol.com) is a freelance science writer based 
on Cape Cod, Massachusetts, U.S.A. Gary Heebner 


is a marketing consultant with Cell Associates In St. Louis, 
Missouri, U.S.A. 
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POSITIONS OPEN 


TENURE-TRACK ASSISTANT PROFESSOR 
Microbiology and Molecular Genetics 


The Department of Microbiology and Molecular 
Genetics in the Medical School of the University of 
Texas Health Science Center, Houston (UTHSC-H), 
seeks an exceptional scientist for a tenure-track posi- 
tion at the Assistant Professor level. Candidates must 
have a Ph.D. and/or M.D. and several years of post- 
doctoral experience. Demonstrated excellence in re- 
search is more significant than the area of research. 
The successful candidate will join faculty using di- 
verse microbial systems to study cell biology, regula- 
tory biology, signal transduction, development, and 
pathogenesis by bacteria, fungi, and viruses. In ad- 
dition to directing an extramurally funded research 
program, the successful candidate will be expected to 
participate in teaching graduate and medical stu- 
dents. The position affords a competitive salary, start- 
up package, and unparalleled opportunities to interact 
with basic scientists as well as clinical and translational 
researchers. As part of the Texas Medical Center, de- 
partmental faculty collaborate and interact with the 
other academic and health components including 
Baylor College of Medicine, M.D. Anderson Cancer 
Center, Rice University, the Texas A&M Institute of 
Bioscience and Technology, and the UTHSC-H In- 
stitute for Molecular Medicine. The breadth and 
quality of biomedical science in the Texas Medical 
Center rivals that of any academic medical center in 
the world. Applicants should submit curriculum vitae, 
a statement of research interests and plans, and con- 
tact information for at least three referees. For full 
consideration, completed applications should be sub- 
mitted by November 1, 2006. 

Applications should be directed to: 


Samuel Kaplan, Ph.D. 
Microbiology and Molecular Genetics 
The University of Texas Medical School 
6431 Fannin Street, MSB 1.206 
Houston, TX 77030-1501 
E-mail: [carolyn Jove@uth,tme.eda} 

The University of Texas Health Science Center at Hous- 
ton is an Equal Opportunity/Affirmative Action Employer. 
Minorities/Females/Persons with Disabilities /Veterans. Women 
and minorities are encouraged to apply. This position is subject 
to Texas Education Code § 51.215. A background check will 
be required for the final candidate. 


ASSISTANT IN 
Department of Pharmacology and Therapeutics 
University of Florida 


The Department of Pharmacology and Thera- 
petuics invites well-trained, doctorate-level individu- 
als, to apply for a nontenure-track Assistant In faculty 
position. The successful candidates will perform basic 
science related to the effect of angiotensin II and glial 
cell derived neurotrophic factor on catecholamine 
biosynthesis with hypertension, obesity, and aging in 
rats. Salary is commiserate with experience. Applicants 
should apply online at website:| http: //jobs.ufl.edul 
(position number 00022993) and send their curric- 
ulum vitae and three letters of recommendation to: 
Dr. Philip Scarpace, Department of Pharmacology 
and Therapeutics, P.O. Box 100267, Gainesville, 
FL 32610-0267. Application deadline is October 2, 
2006, with an anticipated start date on or after 
October 20, 2006. The University of Florida is an Equal 
Opportunity Institution. 


POSTDOCTORAL ASSOCIATE, 05769 


Job description: Postdoctoral Associate position 
available in our infectious disease modeling group. 
Qualifications: A Ph.D. in mathematical biology or 
related area and experience in mathematical model- 
ing are expected. A working knowledge of Matlab 
and similar programs is preferable. Submit a resume 
with names of three references to: Dr. Ynte Schukken 


or Yrjo Grohn, e-mail: [yhs2@cornell.edul or[ytgI @] 
Cornell University is an Affirmative Action/ 


Equal Opportunity Employer and Educator. 


1 SEPTEMBER 2006 


POSITIONS OPEN 


FACULTY POSITIONS, PRINCIPAL 
INVESTIGATORS 
Asia-Pacific International Molecular Biology 
Network Insitiute of Biochemistry and 
Cell Biology Professorship Program 


The Asia-Pacific International Molecular Biology 
Network (A-IMBN) is dedicated to promoting the 
development of molecular biology and biotechnol- 
ogy throughout the Asia-Pacific region. Institute of 
Biochemistry and Cell Biology (IBCB) is one of the 
leading research institutions in biochemistry, molec- 
ular, and cell biology in China. A-IMBN-IBCB Pro- 
fessorship was created and has functioned since 2006. 
A unit laboratory of electronic International Molecular 
Biology Laboratory was established in IBCB this year. 
We invite applications for two positions of Principal 
Investigators for this Professorship program in unit 
laboratory. 

We seek one with world-class research records in 
the field of molecular immunology, and the other 
with proven capability in the area of the moderniza- 
tion of traditional oriental medicines. The latter 
should have an indepth understanding in traditional 
medicine areas, and also have strong backgrounds 
in molecular biology areas, evidenced by publica- 
tion records. Both should be willing to be involved 
in the drug (or functional biomaterials ) development 
program. Previous experience in drug development 
research beyond the laboratory bench is preferred. 

Candidates should have a Ph.D. or equivalent 
degrees and will be expected to develop vigorous, 
independently funded research programs and to con- 
tribute to graduate and postdoctoral training pro- 
grams. The positions come with excellent laboratory 
space and substantial startup funds. Competitive sal- 
ary plus a salary subsidy supported by A-IMBN-IBCB 
Professorship, housing subsidy, and fringe benefit 
package will be commensurate with experience. 

Applicants should send curriculum vitae with a 
complete list of publications, a concise summary of 
past research accomplishments and future research 
plans, and three letters of references to: Mr. Banghe 
Mao, Faculty Search Committee, Institute of 
Biochemistry and Cell Biology, SIBS, CAS, 320 
Yue-Yang Road, Shanghai 200031, China, or elec- 
tronically to e-mail: bimavestsacan| Telephone 
086-21-54921006 and fax: 086-21-54921011). 
Applications will be accepted until positions are 
filled. Interviews may be conducted at any time upon 
arrangement. 


Details please see websites:| http://www.a-imbn. 


PROFESSOR IN ISOTOPE GEOCHEMISTRY 
Yale University 


The Department of Geology and Geophysics at 
Yale University invites applications for a professor- 
ship, at either the junior or senior level, for research in 
radioactive, radiogenic, or light stable isotopes. 

We seek a candidate with outstanding prospects for 
research and scholarly leadership who will comple- 
ment the existing strengths of the Department. A 
successful applicant must be willing to develop and 
implement independent, externally funded research 
programs, advise students, and facilitate interdis- 
ciplinary research. 

Applicants should submit curriculum vitae, a state- 
ment of research and teaching interests, and a list of 
publications, plus the names, addresses, and e-mail 
addresses for four references to: Professor David 
Bercovici, Chair, Department of Geology and 
Geophysics, Yale University, P. O. Box 208109, 
New Haven, CT 06520-8109. Applications that 
arrive before September 30, 2006, will receive full 
consideration. 


For full information regarding Yale Geology and 
Geophysics, visit our website: 
Yale University is an Equal Opportunity /Affir- 
mative Action Employer. Applications from women and minority 
scientists are strongly encouraged. 
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Positions — 


National Institute of Allergy and Infectious Diseases 


y 0 Chief, Laboratory of Bacterial Diseases 
National Institutes of Health 


The National Institute of Allergy & Infectious Diseases (NIAID), Division of Intramural Research (DIR) is seeking an outstanding individual to head the newly established 
Laboratory of Bacterial Diseases (LBD) in Bethesda, Maryland. The laboratory is to be located in the new C. W. Bill Young Center for Biodefense and Emerging Pathogens 
located on the NIH campus in Bethesda, Maryland. 


The mission of the LBD will be to study basic and applied aspects of bacterial diseases related to biodefense or emerging and re-emerging pathogens, focusing on pathogenic 
bacteria. Exceptional scientists with research interests in basic, translational or clinical aspects of bacterial pathogenesis are encouraged to apply. The long-term goals of 
the Institute include supporting research that enables the development of new diagnostics, vaccines, and therapeutics. 


This position requires an M.D., Ph.D. or equivalent with proven leadership abilities and a strong independent research program. Preference will be given to candidates 
with a documented record of accomplishment in bacterial disease research, and those whose program(s) are consistent with the mission of the NIAID. 


The Laboratory Chief will have independent resources to conduct basic and clinical research and will supervise other Principal Investigators with independent research 
programs. The successful candidate is expected to lead a strong research program in laboratory and/or clinical research. Committed resources include space, support per- 
sonnel and an allocated annual budget to cover service, supplies, animals and related resources and salaries. A Laboratory Chief in the DIR is equivalent to a Department 
Chair in a University or Medical School. Applicants must be U.S. citizens or permanent residents and be eligible for the appropriate security clearance under the CDC 
Select Agent Program. Salary will be commensurate with experience and qualifications. 


Interested candidates may contact Dr. Karyl Barron, Deputy Director, DIR, NIAID at 301/402-2208 or email ((kbarron@niaid.nih.gov) for additional information 
about the position and/or infectious diseases research at the NIH. 


To apply for the position, candidates must submit curriculum vitae, bibliography, a detailed statement of research interests, and reprints of up to three selected publications, 
preferably via Email to: Lynn Novelli at{novelly@niaid.nih. gov] In addition, the names of three potential references must be sent to Dr. Steven M. Holland, Chair, NIAID 
Search Committee, c/o Ms. Lynn Novelli, DIR Committee Manager, 10 Center Drive, MSC 1356, Building 10, Room 4A26, Bethesda, Maryland 20892-1356. 
Completed applications MUST be received by Monday, September 25, 2006. Please refer to AD#004 on all correspondence. Further information on this position and 
guidance on submitting your application is available on our website at{ http://healthresearch.niaid.nih.gov| 


National Institute of Allergy and Infectious Diseases 
National Institutes of Health 


The National Institute of Allergy & Infectious Diseases (NIAID), Division of Intramural Research (DIR) is seeking an outstanding individual to head the Labora- 
tory of Human Bacterial Pathogenesis (LHBP) in Hamilton, Montana. 


S (4 Chief, Laboratory of Human Bacterial Pathogenesis 


The mission of the LHBP is to study human bacterial diseases related to emerging and re-emerging pathogens. The research to be conducted in the LHBP is to 
include; 1) the molecular basis of host-pathogen interactions, 2) the genetic basis of bacterial virulence and pathogenesis, 3) the use of animal modeling to define 
host defense mechanisms and biology and immunology of host-pathogen interactions, and 4) development of novel and improved intervention strategies to control 
bacterial infectious diseases. The ultimate goal is to develop diagnostics, vaccines, and therapeutics for emerging and re-emerging infectious diseases. 


This position requires a Ph.D. and/or M.D. or equivalent with proven leadership abilities and a strong independent research program. Preference will be given to 
candidates with a documented record of accomplishment in bacterial disease research, and especially to those whose program(s) are consistent with the mission 
of the NIAID to study emerging and re-emerging bacterial pathogens. 


The Laboratory Chief will have independent resources to lead and conduct laboratory research and translational/clinical research, as appropriate. Mechanisms are 
available to conduct clinical studies at the Bethesda campus and/or to obtain clinical samples through contract mechanisms at non-NIH institutions. The individual 
will supervise other Principal Investigators with independent research programs investigating the pathogenicity of Staphylococcus and Streptococcus species. 
Committed resources include space, support personnel, animal resources and an allocated annual budget to cover service, supplies and salaries. A Laboratory 
Chief in the DIR is equivalent to a Department Chair in a University or Medical School. Salary is dependent on experience and qualifications. 


Interested candidates may contact Dr. Karyl Barron, Deputy Director, DIR, NIAID at (301) 402-2208 or email[(kbarron@niaid.nih.gov) for additional 
information about the position. To apply for the position, candidates must submit a curriculum vitae, bibliography, a detailed statement of research interests, and 
reprints of up to three selected publications preferably via email to: Felicia Braunstein at{/braunsteinf@niaid.nih.govjor by US Mail to: Ms. Felicia Braunstein, 
DIR Committee Manager, 10 Center Drive MSC 1349, Building 10, Rm. 4A-30, Bethesda, Maryland 20892-1349. In addition, the names of three referees 
must be sent to Dr. Tom Schwan, Chairperson, NIAID Search Committee, c/o Ms. Felicia Braunstein, DIR Committee Manager, 10 Center Drive MSC 
1349, Building 10, Rm. 4A-30, Bethesda, Maryland 20892-1349. Please note search #005 when sending materials. Completed applications MUST be received 
by October 6, 2006. Further guidance on submitting your application is available on our website at: http://healthresearch.niaid.nih.gov. 
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Positions 


tHt NATIONAL INSTITUTES OF HEALTH 


Tenured/Tenure-Track Position 
 Neuroimmunology (Basic/Translational) 
Division of Intramural Research 


The Division of Intramural Research of the National Institute of Neurological Disorders 
and Stroke is recruiting an individual for a tenured or tenure-track position in the area 
of Neuroimmunology. The applicant should have a special interest and experience in 
translational research relating to multiple sclerosis or other immune mediated disease of 
the central nervous system. The individual would direct an independent research program 
on molecular, biological or immunological aspects of immune mediated diseases of the 
nervous system and especially multiple sclerosis. The program would conduct its work in 
conjunction with the Neuroimmunology Branch (NIB) which was established to study the 
cause and treatment of immunological mediated diseases of the central nervous system. 
The individual should have a demonstrated background and knowledge in research 
focused on immune mediated disease of the nervous system and with expertise in the use 
of animal models or in human immunology. The candidate will have a Ph.D. and/or M.D. 
degree with excellent scientific skills in structuring an original and productive research 
program using outstanding communication and collaborative abilities. Candidates for a 
tenured position must have an international reputation and well-documented evidence of 
ongoing independent accomplishments. An individual selected for a tenure-track position 
is expected to build a dynamic and productive research group. Laboratory facilities, start- 
up and sustained research funds and salary will be competitive with premier academic 
institutions. Applicants should send curriculum vitae, bibliography, statement of research 
interests, and names of references to: Dr. Story Landis, Director, National Institute of 
Neurological Disorders and Stroke, c/o Peggy Rollins, Office of the Scientific Direc- 
tor, Division of Intramural Research, Building 35 Room GA908, NIH, Bethesda, MD 
20892 (301-435-2232). Applications will be reviewed upon receipt. 


National Institutes of Health 
Center for Scientific Review 


NIH SCIENTIFIC REVIEW ADMINISTRATOR: LUNG BIOLOGIST 
(Health Scientist Administrator) 
Vacancy #’s: CSR-06-140166-DE and CSR-06-140166-MP 


We are seeking exceptionally qualified scientists, with doctorate level training and independent 
research and administrative experience in lung biology and pathology to join a team of Scientific 
Review Administrators (SRAs) to help shape the future of scientific review. SRAs are responsible 
for taking a leadership role in providing scientific, administrative, and logistical oversight of 
the peer review process. The incumbent(s) will be responsible for the initial administrative and 
scientific review of NIH research grant applications in bioengineering sciences and technology 
and will possess an M.D. or Ph.D. degree (or have equivalent training and experience), have 
independent research experience, and strong records of publication or other productivity in 
academia or industry. These positions are in the Respiratory Sciences Integrated Review Group 
(IRG). The IRG is responsible for the merit evaluation of grant applications focused on the 
mechanism(s) of lung injury, repair and remodeling in non-vascular pulmonary tissues or cells 
including areas such as lung development, pulmonary fibrosis and lung toxicology. A broad 
knowledge of one or more of these scientific areas is desirable. For additional information on 
the IRG please see our web site, at:|http://cms.csr.nth.gov/PeerReviewMeeting 
p KESIK 
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Salary is commensurate with research experience and accomplishments, and a full Civil Service 
package of benefits (including retirement, health, life and long-term care insurance, Thrift 
Savings Plan participation, etc.) is available. 


For additional information on this position and for instructions on submitting your application, 


please visit our website at: |http://jobsearch.usajobs.opm.gov/a9nih.asp 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Tenured/Tenure-Track Position 
Neuroimmunology (Clinical) 
Division of Intramural Research 


The Division of Intramural Research of the National Institute of Neurological Disorders and Stroke 
is recruiting an individual for a tenured or tenure-track position in the area of neuroimmunology 
with a focus on clinical research. The applicant should have a special interest and experience in 
translational clinical research relating to multiple sclerosis or other immune mediated disease of the 
central nervous system. The individual would direct an independent research program on immune 
mediated diseases of the nervous system and especially multiple sclerosis. The program would 
conduct its work in conjunction with the Neuroimmunology Branch (NIB) which was established 
to study the cause and treatment of immunological mediated diseases of the central nervous system. 
The individual should have a demonstrated background and knowledge in research focused on 
immune mediated disease of the nervous system and with expertise in human immunology and/or the 
application of clinical trial methodology to the study of disease mechanisms and testing new therapies. 
The candidate will have earned a M.D. degree and will have excellent scientific skills in structuring 
an original and productive research program using outstanding communication and collaborative 
abilities. The candidate will have a medical license in the United States and preference will be given 
to a candidate who has completed training in an accredited training program in neurology and is 
either board eligible or board certified in Neurology. Candidates for a tenured position must have an 
international reputation and well-documented evidence of ongoing independent accomplishments. An 
individual selected for a tenure-track position is expected to build a dynamic and productive research 
group. Laboratory facilities, start-up and sustained research funds and salary will be competitive 
with premier academic institutions. Applicants should send curriculum vitae, bibliography, statement 
of research interests, and names of references to: Dr. Story Landis, Director, National Institute of 
Neurological Disorders and Stroke, c/o Peggy Rollins, Office of the Scientific Director, Division 
of Intramural Research, Building 35 Room GA908, NIH, Bethesda, MD 20892. Applications 
will be reviewed upon receipt. 


NAL 
cal 
INSTITUTE 


The National Cancer Institute announces the ongoing initiative: Rapid Access 
to Preventive Intervention Development (RAPID). RAPID will make available 
to academic investigators the preclinical and early clinical drug development 
contract resources of NCI’s Division of Cancer Prevention. In some instances 
resources will be provided to the investigator. The goal of RAPID is the rapid 
movement of novel molecules and concepts from the laboratory to the clinic 
for clinical trials of efficacy. RAPID will assist investigators who submit suc- 
cessful requests by providing any (or all) of the pre-clinical and phase | clinical 
developmental requirements for phase 2 clinical efficacy trials. These include, for 
example, preclinical pharmacology, toxicology, and efficacy studies; bulk supply, 
GMP manufacturing, and formulation; and regulatory and IND support and phase 
1 clinical studies. Suitable types of agents for RAPID may range from single 
chemical or biological entities to defined complex mixtures with the potential to 
prevent, reverse, or delay carcinogenesis. For more detailed information, visit 


the web site| http://cancer.gov/prevention/RAPID 


Requests for RAPID resources are to be submitted as described in the web site. 
Written requests will be evaluated by a specially constituted RAPID panel, con- 
sisting of outside experts from academia and industry. Requests must be received 
on or before November 1, 2006. Applications should be submitted directly to 
the office listed below. Inquiries are encouraged, and the opportunity to clarify 
issues or questions is welcome. Please contact: 


RAPID Program Official, Executive Plaza North, Room 2117, 6130 Execu- 
tive Blvd., Bethesda, MD 20892, Rockville, MD 20852 (for express/courier 
service), Telephone: (301) 435-5011, Email: Or 
Telephone: (301) 594-0459, Email: Fax: (301) 402-0553. 


RAPID ACCESS TO PREVENTIVE INTERVENTION 
DEVELOPMENT “RAPID” PROGRAM 
National Cancer Institute 


W.NIH.GO 


Tenure Track Position in the Laboratory of Immunology 


S G National Institute of Allergy and Infectious Diseases 
National Institutes of Health 


The Laboratory of Immunology (LI), Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health invites 
applications for a tenure track position in immunology. 


LI strongly encourages scientists with an interest in any area of biomedical research related to immunology to apply. Candidates should have a Ph.D., M.D. or 
equivalent degree and an outstanding record of post-doctoral accomplishment. LI wishes to recruit a highly creative individual who will establish an independent 
research program that takes full advantage of the special opportunity afforded by the stable long-term funding of the Intramural Research Program at NIH. She/he 
should be interested in developing and applying novel approaches to the study of problems of major biological and /or medical importance, efforts that may be 
enhanced through participation in emerging trans-NIH initiatives involving technology development, translational investigation, and multidisciplinary science. 
Generous ongoing support for salary, technical personnel, post-doctoral fellows, equipment, and research supplies will be provided, as well as access to existing or 
planned core facilities / collaborative centers for projects involving RNAi screening, microarrays, production of transgenic and gene manipulated mice, advanced 
imaging, and computational biology. In addition to an outstanding international post-doctoral community, a superior pool of graduate and undergraduate students 
is also available to the successful applicant. 


LI has a distinguished history of accomplishment in immunology and is seeking to appoint an outstanding early career investigator who can continue and enhance 
this record of achievement. Current LI Principal Investigators are Ronald Germain, Michael Lenardo, Rose Mage, David Margulies, William Paul, Ethan Shevach 
and Tsan Xiao. 


Applicants should send a CV and bibliography and an outline of a proposed research program (no more than two pages) electronically to Mrs. Lynn Novelli 
[{movelly@niaid-nih.govp. Three letters of reference should also be sent either electronically or by mail to Mrs. Lynn Novelli, Committee Manager, 10 Center 
Drive, MSC 1356, Building 10, Room 4A26, Bethesda, Maryland 20892-1356. Please refer to Ad #011 on all communications. Further information about this 
position may be obtained by contacting Dr. William Paul (301 496-5046; |/wpaul@niaid.nih.gov}. Applications must be received by October 14, 2006. 


A full package of benefits (including retirement, health, life and long term care insurance, Thrift Savings Plan participation, etc.) is available. Women and minori- 
ties are especially encouraged to apply. U.S. citizenship is not required. 


gl National Human Investigator Recruitment in Cancer Genetics 
ual ener’ Resear National Human Genome Research Institute 


The Cancer Genetics Branch (CGB) of the National Human Genome Research Institute (NHGRI) is seeking to recruit an outstanding tenure-track investigator to 
pursue innovative, independent research in cancer genetics. General areas of interest include, but are not limited to: 


Cancer Gene Therapy Functional Genomics of Cancer 
Comparative Cancer Genomics Genome Instability in Cancer 
Genetic Epidemiology Markers for Early Detection 
Molecular Profiling of Tumors Genetics of Tumor Progression 


The successful candidate will be able to take advantage of interactions with a highly collegial group of scientists within NHGRI and the NIH campus as a whole. 
In addition, they will have access to NHGRI’s outstanding core laboratories. 


Candidates must have a Ph.D., M.D., or equivalent degree, as well as comprehensive, advanced training and a record of accomplishment in one of the targeted areas. 
This position includes generous start-up funds, an ongoing commitment of research space, laboratory resources, and positions for personnel and trainees. 


Interested applicants should submit a curriculum vitae, a three-page description of their proposed research, and three letters of recommendation through our online 
application system at|http://research.nh 


The closing date is November 17, 2006. 


For more information on CGB and NHGRI’s Intramural Program, please seq http://www.genome.gov/Research. Specific questions regarding the recruitment 
may be directed to Dr. William Pavan (Search Chair) at[bpavan@mail.nih.govjor by fax at (301-402-2036). Questions may also be directed to Dr. Elaine 
Ostrander, Chief of the Cancer Genetics Branch, at[eostrand@mail.nih.govjor by FAX (301-480-0472). 
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MICHIGAN STATE 


UNIVE 


RS ITY 


International Environmental Law and Policy 
Assistant Professor, Tenure Stream 


James Madison College (tesi- 
dential undergraduate liberal 
arts college with an emphasis on 
public and international affairs) 
and the Department of Fisheries 
and Wildlife in the College of 
Agriculture and Natural Res- 
ources at Michigan State Univ- 
ersity, seek a colleague in inter- 
national environmental law with 
an emphasis on the governance 
of renewable natural resources 
especially as it relates to 
isheries, wildlife and water 
resources. This tenure stream 
position is a joint academic year 
appointment to the two units, at 
he Assistant Professor level. 


The ideal candidate for this 
osition would have a back- 
round in biology and interna- 
ional environmental institu- 
ions and be prepared to teach 
ndergraduate and graduate 
lasses in international environ- 
ntal law. We would expect 
he candidate's research 
interests and graduate course 
offerings to focus on environ- 
mental law, particularly as that 
relates to the sustainability and 
use of fisheries, wildlife and/or 
water resources globally. This 
colleague would also be 
expected to play a role in 
the undergraduate specializa- 
tion in Science, Technology, 
Environment and Public Polic 


(http://www.fw.msu.edu/| 


undergraduates 

|index.htm) and be active in 
he Environmental Science 
and Policy Program [(http://| 
lenvironment.msu.edu). This 


individual would also actively 
interact with partner agencies 
such as the Michigan 
Department of Natural 
Resources, US Fish and 
Wildlife Service and Great Lakes 
Fishery Commission. 


The Department of Fisheries 
and Wildlife offers both under- 
graduate and graduate degree 
programs. The faculty's cutting- 
edge theoretical and applied 
research focuses on natural 
resource and ecosystem man- 
agement (for details, _ see: 


ttp://www.fw.msu.edu). 


James Madison College provides 


undergraduates a liberal educa- 
tion in public and internationa 
affairs and is dedicated to the 
highest standards of excellence 
in undergraduate teaching and 


engagement (for details, see 
[hitp:/www:jmemsu.edu/} 
The successful candidate should 
possess a Ph.D. or a Ph.D. and 
J.D. and training or experience 
with international environmen- 
al institutions and law. 
Additionally, the successful can- 
didate would likely have a 
research agenda that involves 
international environmental law 
as it relates to the governance of 
renewable natural resources. 
This is an innovative, interdisci- 
plinary appointment and we 
seek an individual who can 
interact successfully with natu- 
ral resources (related to fish, 
wildlife, and water) and public 
affairs (related to international 
relations, global governance, 
international law, and_ public 
policy) professionals. 


Applicants should submit a let- 
er describing how _ their 
research and teaching interests 
relate to the research and 
eaching foci noted above. 
Supporting materials should 
include a vita, at least three con- 
idential letters of recommenda- 
ion, and samples of scholarship 
and teaching materials. 


Minority and women candidates 
are strongly encouraged to 
apply. The deadline for 
receipt of applications is 
October 1, 2006. Completed 
files should be sent by that date 
to: International Environ- 
mental Law and_ Policy 
Search Committee, Depart- 
ment of Fisheries and 
Wildlife, Michigan State 
University, East Lansing, 


Michigan 48824-1222 or 
(Subject 
Line = IEL2006). Questions 
about the position should be 
directed to Dr. Kelly 
Millenbah (517-353-4802, 
imillenbamewedu) Postion 
to begin August 16, 2007. Late 
submissions will be considered 


ifa suitable candidate pool is not 
identified by the deadline. 


MSU IS AN AFFIRMATIVE ACTION, EQUAL OPPORTUNITY INSTITUTION. 


Advanced Proteome Therapeutics Inc. 


“Advancing the field of Protein-site Targeting” 


Advanced Proteome Therapeutics Inc. (APTI) is a new, Boston-based 
company that is applying a bold platform technology geared toward the 
rapid commercialization of protein therapeutics. We are seeking skilled 
experimentalists who thrive on providing innovative solutions to challeng- 
ing problems and are both independent and strongly interactive. 


APTI exploits a proprietary technology that is chemoselective and has the 
potential for rapidly producing complementary molecules, either noncova- 
lently or covalently, to macromolecular therapeutic targets. The technology 
and science underlying our approach to therapeutics should appeal to 
scientists who are interested in pioneering an entirely new approach to 
drug discovery and development that is broadly based on underutilized 
chemical principles, as applied to protein-site targeting. 


There are a number of positions available that call for skills and demon- 

strated expertise in the areas of: 

(1) protein modification and purification, cloning and phage display 
techniques, and assay development. 

(2) combinatorial chemistry and related automation: scientists capable of 
automated assay formatting and validation studies who will perform 
data analysis and confirmatory follow-up assays. 

(3) solid phase organic synthesis and peptide chemistry 

(4) conjugation chemistry and organic synthesis 


Knowledge of protein structure determinations and molecular modeling 
are a definite plus. 


APTI offers a dynamic work environment as well as an excellent salary 
and stock option package. If the prospect of shaping the direction and 
culture of a new company excites your interest, e-mail your resume and 


a cover letter to|jobs@aptbiotech.com. 


Faculty Position 
Cell Biology: Neuroscience 


The Department of Biology, Skidmore College, invites applications for 
a tenure track Assistant Professor position in cell biology, beginning in 
the Fall of 2007. The successful candidate will contribute to our gen- 
eral biology curriculum and a successful and growing interdisciplinary 
Neuroscience Program. Area of specialization is open. 


Applicants must have a Ph.D. in biology or a related discipline, 
teaching experience, a successful independent research program, and 
a primary interest in teaching undergraduates at a liberal arts and sci- 
ences institution; postdoctoral experience is required. Yearly course 
load will be selected from among foundation courses in biology and 
neuroscience, exploration courses for non-majors and specialty courses 
in the candidate’s area of expertise. Establishment of a strong research 
program that involves undergraduates is expected. Excellent teaching, 
research, and imaging facilities are available. Send curriculum vitae, 
statements of teaching and research interests, and three letters of rec- 
ommendation to: 
Corey R. Freeman-Gallant, Chair, Department of Biology 
Skidmore College 
815 North Broadway 
Saratoga Springs, New York 12866 
Cell Biology Search 


Review of applications will begin on October 13, 2006. Skidmore 
College encourages applicants from women and men of diverse racial, 
ethnic, and cultural backgrounds. 


www.skidmore.edu/academics/bD101l0g 


Skidmore College is committed to being an inclusive campus 
community and, as an Equal Opportunity Employer, does not 
discriminate in its hiring or employment practices on the basis of 
gender, race or ethnicity, color, national origin, religion, age, 
disability, family or marital status, or sexual orientation. 


) Faculty Positions in Molecular Recognition and Bioinformatics 


THE UNIVERSITY AT BUFFALO'S STRATEGIC PLANNING PROCESS, U8 2020, HAS IDENTIFIED BIOINFORMATICS 
AND MOLECULAR RECOGNITION IN BIOLOGICAL SYSTEMS AS AREAS WHERE MORE THAN 30 NEW HIRES ARE 


PROJECTED, WITH A SIGNIFICANT INVESTMENT OF RESOURCES, OVER THE NEXT THREE YEARS. 


POSITION DESCRIPTIONS STATE-OF-THE-ART FACILITIES 


In the first phase of our multi-year recruiting plan, 
several positions are available immediately at all ranks 
in the Schools of Medicine and Biomedical Sciences, 
Dental Medicine, Arts and Sciences, Pharmacy, and 
Engineering at the University at Buffalo, The State 
University of New York, with concomitant appointment 
in its New York State Center of Excellence in Bioinfor- 
matics and Life Sciences. 


Successful candidates will have research interests in 
Bioinformatics and/or Molecular Recognition, in areas 
such as computational biology, genomics, molecular 
recognition in biology, signal transduction, and analysis 
of biological networks using experimental approaches 
ranging from in silico through in vivo. 


Successful applicants will receive tenured or tenure- 
track appointments in departments appropriate to their 
interests. These include, but are not restricted to, Bio- 
chemistry, Biological Sciences, Chemical and Biologi- 
cal Engineering, Microbiology and Immunology, Oral 
Biology, Pharmacology and Therapeutics, Physiology 
and Biophysics, and Structural Biology. A history of col- 
laborative research will be a key consideration in evalu- 
ation of applicants for senior positions, as will their 
potential to provide academic leadership and thereby 
facilitate future recruitments. Additional information 
on departmental programs may be obtained on specific 


home pages, accessible vi www buffalo.edu. or at www, 


bioinfor uffalo.edu. 


Ample laboratory space exists in the new Center of Excellence building, 
which opened in June 2006 and is situated adjacent to the Hauptman- 
Woodward Medical Research Institute and the Roswell Park Cancer 
Institute’s Center for Genetics and Pharmacology in the Buffalo Niagara 
Medical Campus. When fully staffed, these three facilities will be home 
to over 500 biomedical scientists. The Center itself maintains a modern, 
state-of-the-art experimental infrastructure in biomedical sciences, 

and houses a major computational facility and high-quality confocal 
microscopy. Cutting-edge genomics and proteomics facilities are located 
immediately adjacent to the Center, as well as on the two local campuses 
of the University at Buffalo. 


CANDIDATE REQUIREMENTS 


Applicants should have Ph.D., M.D., D.V.M., D.D.S., or equivalent degree 
with postdoctoral and professional experience appropriate to the rank 
of appointment, ¢.g., a minimum of two years of postdoctoral experi- 
ence for the rank of Assistant Professor. Research experience should 

be in molecular, cellular, genetic and/or computational approaches ta 
signaling networks, molecular/microbial pathogenesis, development and 
differentiation or the basis of human disease. A well-established research 
program is essential for established candidates. Duties include teaching 
undergraduate, graduate and professional students, research training of 
students and postdoctoral fellows, and conduct of biomedical research. 


APPLICATIONS 


Applications in electronic format should include a C.V., brief statement 
of research interests, and the names and email addresses of three refer- 
ences, and should be directed to Bioinformatics/Molecular Recognition 
Search atjub-mrbs@buffalo.edu.JConsideration of applications will 
continue until all available positions are filled. 


Gs University at Buffalo [/1¢ State University of New York 


The University at Buffalo is an Equal Opportunity Employer/Recruiter and strongly encourages applications from members of protected groups 


Through its management of a $300M world-class research program in life 
sciences, Genome BC is a catalyst in establishing British Columbia as a 
genomics and proteomics hub of scientific excellence and technology 
innovation. An exciting strategic opportunity awaits a scientific leader as... 


CHIEF SCIENTIFIC OFFICER 


Reporting directly to the President & CEO, you will: Emphasis will be placed on individuals who have: 
Create scientific strategy in partnership with Genome BC's ¢ An international reputation for scientific excellence, preferably 
scientific community; in genomics; 
Advise Genome BC on strategic scientific matters, and act as A proven track record for assessing scientific strengths and 
spokesperson for the scientific faculty; weaknesses, identifying new opportunities, understanding the impacts 
Maximize the organization's success in the capture and of genomics on society, and recommending scientific directions; 
management of research funding; Demonstrated success in cultivating scientific communities to address 
Encourage the success of research projects and identify strategic applications of interest; 


S Genome 
J BritishColumbia 
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opportunities for scientific advancements and technology transfer; 
Coordinate opportunities for collaborative projects across the 
country and internationally; 

Act as an influential advisor to universities on scientific direction 
and associated hiring strategies. 


The ideal candidate will have a stellar scientific career, be 
internationally recognized, and now be prepared to undertake a 
full-time strategic leadership role as CSO of Genome BC. Affiliated 


A thorough understanding of basic and applied research in life 
sciences, intellectual property issues and the process required for 
commercialization; 

Excellent communication skills in science, management, promotion 
and negotiation; 

A doctoral degree, recent publications in genomics, proteomics or 
bioinformatics and a broad scientific background in the application 
of genomics to areas of strategic and socio-economic importance. 


with the university community, candidates must also be capable of 
meeting the criteria for appointment at one of BC's universities at a 
full professor level. 


To be considered for this vacancy, please email your resume and 
cover letter to: Stephanie Milliken, Search Consultant, 


[fephane@rnilkenfr-cor by September 22, 2006 


For information about Genome BC and the required candidate qualifications, please refer to our website at:[www.genomebc.ca] 


Faculty Recruitment 


in Basic and Translational Research 


The Cancer Institute of New York University’s School of 
Medicine, under the direction of Dr. Steven Burakoff, is 
expanding its programs in cancer biology at the new Joan and 
Joel Smilow Research Building. 


We are seeking two or three new tenure track faculty recruits 
engaged in basic and/or translational research related to 
cancer. All will be members of the NYU Cancer Institute 
with primary academic appointments in one of the basic 
science or clinical departments at NYU School of Medicine. 
Laboratories will be available in the new Smilow Research 
Building. We seek applicants at the Assistant Professor level, 
although more senior applicants will also be considered. 
Areas of interest include, but are not limited to, Animal 
Models of Cancer, DNA Damage and Checkpoint Control, 
Molecular Control of Cell Proliferation and Stem Cell 
Cancer Biology. Investigators whose research will enhance 
the translation of basic research findings into new therapeutic 
interventions and the design of new clinical trials are 
encouraged to apply. Successful applicants should hold an 
MD and/or PhD with established reputations in their areas 
of research. 


Interested investigators are encouraged to _ visit 
more about the NYU Cancer Institute, eee 
qualifications for candidates and our recruitment 
process. Qualified candidates can apply by following 
the instructions found on that web site. EOE. 


NEW YORK UNIVERSITY 


Faculty Positions in 
Molecular Biology 


The Molecular Biology Program of the Sloan-Kettering Institute, 
Memorial Sloan-Kettering Cancer Center[(www.ski.edu), has initiated a 
faculty search at the Assistant Member level (equivalent to Assistant 
Professor). We are interested in outstanding individuals who have 
demonstrated records of significant accomplishment and the potential 
to make noteworthy contributions to the biological sciences as 
independent investigators. Successful applicants will have research 
interests that move the Program into exciting new areas that complement 
and enhance our existing strengths in the areas of maintenance of 
genomic integrity, regulation of the cell cycle, and regulation of gene 
expression. Faculty will be eligible to hold appointments in the newly 
established Gerstner Graduate School of Biomedical Sciences, as well as 
the Weill Graduate School of Medical Sciences of Cornell University. 


Candidates should e-mail their application in PDF format to 


{molbio@mskcc.org] by November 1, 2006. The application should 


include a CV, a description of past research, a description of proposed 
research, and copies of three representative publications. Candidates 
should arrange to have three signed letters of reference sent by email 
to fmolbio@mskcc.org] or by regular mail to Dr. Kenneth Marians, c/o 
Steven Cappiello, Box 193, Memorial Sloan-Kettering Cancer Center, 
1275 York Avenue, New York, New York 10021. The letters should 
arrive by November 1, 2006. Inquiries may be sent to Mr. Cappiello at 
molbio@mskcc.org] or to Dr. Kenneth Marians, Chair, Molecular 
Biology Program, {kmarians@sloankettering.edu. Memorial Sloan- 


Kettering is an Equal Opportunity Employer. Smoke-free environment. 


“, Memorial Sloan-Kettering 


? Cancer Center 
* The Best Cancer Care. Anywhere. 


WWW.INSKCC.Org 


» ALBERTA, 


100 New Positions in the Faculty of Engineering 


Since its inception, the Faculty of Engineering has been on the frontier of research and innovation. The Faculty educates 
outstanding engineers and conducts the research that makes Alberta a world leader in areas that range from oil sands 


technology to microsystems and nanotechnology. 


The Faculty of Engineering at the University of Alberta intends to expand significantly its role as a leader in the provision of 
engineering education and the conduct of leading, internationally-recognized research. Toward this end, we will be seeking 
candidates to fill 100 new positions at the Assistant, Associate and Full Professor ranks, as well as a number of Canada 


Research Chairs and Endowed Chairs. 


The Faculty of Engineering is focusing the advancement of its 
scholarship and research efforts in four major areas: 


+ Energy and Natural Resources Engineering 

* Nanotechnology and Interfacial Engineering 

+ Biomedical and Bioengineering 

+ Information and Communications Technologies 


We encourage applications from candidates with interest and 
expertise in these areas, especially those with interdisciplinary 
experience that involves several of these areas, and those who 
have combined their engineering background with work in the 
physical and life or medical sciences. 


Engineering faculty members at the University of Alberta 
work in an integrated, collaborative environment, where a 
strong focus on fundamentals is combined with extensive 
industrial interactions and ample opportunity for novel 
collaborations. 


Our staff members also collaborate with the National 
Research Council National Institute for Nanotechnology— 
an integrated, multi-disciplinary institution involving 
researchers in engineering, science, medicine and other 
disiplines, that is located on the University of Alberta campus 
in our engineering precinct. 


The Faculty of Engineering has over 3500 undergraduate 
and 1100 graduate students, placing it in the top 5% by size 
of over 400 engineering schools in North America. In recent 
years, the Faculty has undergone significant expansion of 
its physical infrastructure with the addition of over one 
million sq. ft. of outstanding new teaching, research and 
personnel space. 


Successful candidates will be expected, in due course, to 
become licensed Professional Engineers in the Province 
of Alberta. 


For more information about faculty positions in the four 
major areas of interest, and for application deadlines, go to: 


www.engineering.ualberta.ca jor 
www.careers.ualberta.ca 
Interested candidates also may wish to contact one of the 


following: 
J Fraser Forbes, Chair 


“Cheng: Chair 
Civil & Enviromental Fee 
including Sch 


The University of Alberta is one of Canada’s foremost 
research-intensive universities, with over $400 million 
annually in external research funding and undergraduate 
and graduate enrollment exceeding 35,500. With a 
population of over one million people, the greater 
Edmonton area offers a diverse array of cultural and sporting 
activities year-round, with a strong focus on the arts and a 
vibrant community spirit. Located only a few hours away from 
the spectacular Canadian Rockies, Edmontonians have 
quick and easy access to some of the finest skiing, 
kayaking, cycling, camping, backpacking and fishing in the 
world, For more information about the University of Alberta 


go tolwww.ualberta.ca| 


All qualified candidates are encouraged to apply; however, Canadians and permanent residents will be given priority. If suitable Canadian citizens and permanent 
residents cannot be found, other individuals will be considered. The University of Alberta hires on the basis of merit. We are committed to the principle of equity in 
employment. We welcome diversity and encourage applications from all qualified women and men, including persons with disabilities, members of visible 


minorities, and Aboriginal persons. 
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THE UNIVERSITY OF TEXAS 
MD ANDERSON 
AANCER CENTER 


Making Cancer History 


Executive Vice President 
and Chief Academic Officer 


The University of Texas M. D. Anderson Cancer Center seeks an experienced, decisive, and imaginative 
academic leader, with a distinguished record of innovation in research, to fill the position of Executive Vice 
President and Chief Academic Officer. 


Celebrating more than six decades of Making Cancer History®, The University of Texas M. D. Anderson 
Cancer Center is located in Houston on the campus of the Texas Medical Center, the country’s largest col- 
lection of hospitals and academic medical institutions. It is one of the world’s most respected institutions 
devoted exclusively to cancer patient care, research, education and prevention. 


M. D. Anderson Cancer Center was created by the Texas Legislature in 1941 as a component of The Uni- 
versity of Texas System. The faculty (M.D. and Ph.D.) has grown to 1056. M. D. Anderson is one of the 
nation’s original three Comprehensive Cancer Centers designated by the National Cancer Act of 1971 and 
is one of 39 Comprehensive Cancer Centers today. M. D. Anderson has ranked among the nation’s top 
two cancer hospitals in U.S. News & World Report’s “America’s Best Hospitals” survey since the survey’s 
inception in 1990 and has ranked number one four times in the last seven years. It receives more research 
funding from the National Cancer Institute than any other academic institution. Ten thousand patients are 
placed on therapeutic clinical trials each year. 
The Executive Vice President and Chief Academic Officer is a member of the executive management team 
consisting of the President, the Chief Academic Officer, the Physician in Chief and the Chief Business 
Officer. Working closely with the president and faculty, the EVP and CAO has primary responsibility 
for the academic and educational missions of MDACC and oversight of clinical and laboratory research 
across the organization. He or she will play a pivotal role in strengthening existing academic programs, 
developing innovative strategies for expanding the Center’s research and educational activities, recruiting 
outstanding new faculty and advocating for strong academics as a critical factor in realizing the Center’s 
strategic objectives in research and patient care. 
The successful candidate will have an M.D., Ph.D., or both, with academic achievements commensurate 
with tenure, experience or interest in cancer research and care, and significant administrative experience in 
an academic setting. The candidate must be a strong leader and a capable motivator, and able to develop 
the talents of others in support of the Center’s mission. His or her engagement in the broader community 
must be over-arching and robust. 
Korn/Ferry International is assisting the University of Texas M. D. Anderson Cancer Center with this 
important search. Please forward, as soon as possible, nominations of appropriate candidates or expressions 
of interest to: Warren E. Ross, M.D.[Qwarren.ross@kornferry.com), Korn/Ferry International, 1835 
Market Street, Suite 2000, Philadelphia, PA 19103. 

The University of Texas M. D. Anderson Cancer Center is an Equal Opportunity/ 

Affirmative Action Employer and Educator. 


Faculty Positions 
Boyce Thompson Institute 
for Plant Research 
at Cornell University 


BTI, an independent not-for-profit research 
organization, invites applications for up to three 
tenure-track faculty positions at any level. We seek 
candidates whose research addresses important 
questions in biology using plant, plant-microbe, 
or plant-herbivore systems. Research topics should 
be complementary to current research at BTI and 
Cornell. Particular areas of interest include 
plant metabolism, small molecule biochemistry, 
enzymology, ecology, and plant interactions with 
other organisms. Applications from scientists using 
model systems not currently represented at BTI are 
encouraged. BTI is located on the central Cornell 
campus and has a research-oriented environment 
with state-of-the-art facilities and family-friendly 
policies. Our location offers superb opportunities 
for interactions and formal links to appropriate 
Cornell departments. We encourage applications 
from women and minorities. 


Applicants should submit a curriculum vitae, 
a statement of research interests, and a concise 
description of research plans (2-3 pages). Please 
submit applications and have letters from three 
references sent to: Gary Blissard, Search Com- 
mittee Chair, Boyce Thompson Institute, Tower 
Road, Ithaca, New York 14853, fax (607-254- 
1217), e-mail: [ee54/@cornell.edy. Review of 
applications will begin on November 1, 2006 
and will continue until the positions are filled. 
Additional information about BTI can be obtained 
at 


We encourage applications from women and 
minorities. EEO/AA/M/F/D/V. 


Department Head 
Department of Zoology 


The Department of Zoology at Oklahoma State University (OSU) invites 
applications for the position of Department Head. We recently reorganized 
and seek a dynamic and visionary leader to help us increase our national 
prominence in our selected research areas: (1) Ecology and Evolutionary 
Biology and (2) Environmental Stress. The starting date will be on or 
after 1 August 2007 and is flexible. 


The ideal candidate will have the academic rank of Professor, a nationally 
recognized research program consistent with our research foci, demon- 
strated success in obtaining extramural grant support, significant adminis- 
trative experience, a commitment to supporting innovative teaching, and 
a vision for curricular reform that will produce students highly qualified 
for careers in research, teaching, and other professional positions. 


OSU is a land-grant institution with 24,000 students located in north- 
central Oklahoma, 70 miles from Oklahoma City and Tulsa. Currently, 
the Department of Zoology has approximately 400 undergraduate and 50 
graduate students, 4 staff, and 11 faculty with a long history of democratic 
governance. 


Applicants should submit a letter of application, statements of research, 
teaching, and administrative philosophies, a curriculum vitae, and four 
letters of reference testifying to the applicant’s leadership and administra- 
tive skills to: Dr. Robert V. Miller, Chair, Department Head Search 
Committee, Department of Zoology, 430 LSW, Oklahoma State 
University, Stillwater, OK 74078-3052. Telephone: 405/744-6243; E- 
mail:[bob.miller@okstate.edu] Informal inquiries to Dean Peter M. A. 
Sherwood of the College of Arts and Sciences are welcome (Telephone: 
405/744-5663; email:[peter.sherwood@okstate.edu). Application review 
will begin 1 November 2006 and will continue until the position is filled. 
For further information about the position, Department, and OSU, please 


see|http://zoology.okstate.edu| 


Oklahoma State University encourages applications from qualified 
women, minorities, and persons with disabilities. 


Editor-in-Chief °YO™¢!'Y 


SEARCH Ff: 


The International Society for 
Analytical Cytology is searching 


for a new Editor-in-Chief of Cytometry Part A. 
Individuals interested in this part-time position 


should direct inquiries to Fred Waldman: 


waldman@cc.ucsf.edu 


415.476.3821 


All applications must be received by September 15, 2006 


<=ISAC 


&) WILEY 


International Society lor Analytical Cytology 


“Our work is more than a job, Work that matters. 


on fon ‘ . ; sa 
it's a career of mission-focused investigation. The CNA Corporation is a non-profit institution that 


operates on the principle of conducting impartial, 
accurate, actionable research and analysis to inform 
the important work of public sector leaders. 


Krystal Williams, Research Analyst, 
M.S., Applied Mathematics 
Bradford Ng, Research Analyst. 
Ph.D., Chemistry 


It’s work that matters, and that reflects a commitment 
to serve the public’s interests and the common good. 


Kathleen Ward, Research Analyst, 
Ph.D., Physiology and Biophysics 


We offer career opportunities for people with degrees 
in engineering, mathematics, economics, physics, 
chemistry, international relations, national security, 
history, and many other scientific and professional 
fields of study. 


Diverse views, objectivity, imaginative techniques, 


process driven, results oriented — committed to the 
common good. Join us. 


The CNA Corporation 


Research that works, for work that matters 


WwW W.Ciha Ore 


NIVERSITY OF MICHIGAN 


SCHOLARS PROGRAMS 
BIOLOGICAL SCIENCES SCHOLARS PROGRAM CLINICAL SCIENCES SCHOLARS PROGRAM 


For Junior, Tenure-Track Faculty 


The University of Michigan announces recruitment for the Biological Sci- 
ences Scholars Program (BSSP) to continue to enhance its investigational 
strengths in the life sciences research programs. 


Now entering its 10th year, this Program has led to the recruitment of 
outstanding young scientists in the areas of genetics, microbiology, immu- 
nology, virology, structural biology, pharmacology, biochemistry, molecu- 
lar pharmacology, stem cell biology, physiology, cell and developmental 
biology, and the neurosciences. The Program seeks individuals with PhD, 
MD, or MD/PhD degrees, at least two years of postdoctoral research experi- 
ence, and evidence of superlative scientific accomplishment and scholarly 
promise. Successful candidates will be expected to establish a vigorous, ex- 
ternally-funded research program, and to become leaders in departmental 
and program activities, including teaching at the medical, graduate, and/or 
undergraduate levels. Primary college and department affiliation will be 
determined by the applicant's qualifications and by relevance of the appli- 
cant’s research program to departmental initiatives and focus. All faculty 
recruited via the BSSP will be appointed at the Assistant Professor level. 


For Tenure-Track Faculty 


The University of Michigan Medical School announces the Clinical 
Sciences Scholars Program (CSSP), an initiative for the recruitment of 
outstanding clinician investigators. 


Now entering its 3rd year, the Program led to the recruitment of 
the first cohort of outstanding clinician investigators. The Pro- 
gram seeks individuals with MD, DO and / or PhD degrees and a 
minimum of four years postgraduate clinical research training. 
The program is looking for candidates that perform patient-oriented 
research, and who could eventually build a clinical or translational re- 
search program at Michigan. Special emphasis is placed on the identifi- 
cation of candidates whose research is multi- or interdisciplinary, taking 
advantage of the rich environment at Michigan for inter-departmental 
and inter-school research. CSSP candidates will be appointed to a clini- 
cal department and must have a strong history of collaboration and an 
interest in developing programs to benefit the institution. It is antici- 
pated that faculty recruited via the CSSP will be at the rank of Assistant 
or Associate Professor, but more senior candidates will also be considered. 


APPLICATION INSTRUCTIONS: Please apply to the Scholars Programs through the SSP web site at: 


(http://www.med.umich.edu/medschool/orgs/ssphome/)}| A curriculum vitae (including bibliography), a three-page research plan, an NIH bio- 


sketch, and three original letters of support should all be submitted through the SSP web site. More information about the Scholars Pro- 
grams, instructions for applicants and those submitting letters of recommendation, and how to contact us is located on the SSP web site: 


http://www.med.umich.edu/medschool/orgs/ssohome/). |The final deadline for applications is Friday, October 20, 2006, 5:00 pm EDT. 


The University of Michigan is an Affirmative Action/Equal Opportunity Employer. 
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National Center for Design of Biomimetic Nanoconductors 
Postdoctoral Research Positions 


The National Center for Design of Biomimetic Nanoconductors, an NIH Roadmap Nanomedicine 
Development Center, is seeking applicants for a number of computational and experimental 
postdoctoral research positions. The model computational systems are native and mutant 
biological channels and other ion transport proteins and synthetic channels, and heterogenous 
membranes containing channels and transporters. The model experimental systems are engineered 
protein channels and synthetic channels in isolation, and in self-assembled membranes supported 
on nanoporous silica scaffolds. The ultimate goal is to understand how biomimetic nanoscale 
design can be utilized in devices to achieve the functions that membrane transport accomplish in 
biological systems: a) Electrical and electrochemical signaling, b) generation of osmotic pressures 
and flows, c) generation of electrical power, and d) energy transduction. The Center is highly 
multi-disciplinary and includes senior researchers at the following institutions... 


University of Illinois at Urbana Champaign Eric Jakobsson (Director) 


Illinois Institute of Technology 
Oxford University 
Purdue University 


Sandia National Laboratories 


Argonne National Laboratory 


University of California at Davis 


University of Chicago 
University of New Mexico 
Wabash College 

Yale University 


Narayan R. Aluru 
Umberto Ravaioli 
H. Larry Scott 
Marco Saraniti 
Hagan Bayley 
Gerhard Klimeck 
Mark Lundstrom 
Michael McLennan 
Susan B. Rempe 
Steven J. Plimpton 
Kevin Leung 
Millie Firestone 
Atul N. Parikh 
Benoit Roux 

C. Jeffrey Brinker 
Scott E. Feller 
David A. LaVan 


POST-DOCTORAL ASSOCIATE POSI- 
TION in Behavioral Neuroendocrinology in 
the School of Life Sciences at Arizona State 
University to study the neuroendocrine 
mechanisms of aggressive behavior. Please 
information on our research program. Salary 
supported from a funded NIMH grant with 
three years remaining. Candidates must have 
earned a Ph.D. in Biology, Neuroscience, 
Psychology or a related field at the time of 
appointment. Experience with neuroendo- 
crine techniques desired. Starting time for 
the position is negotiable. 


Send cover letter summarizing your qualifica- 
tions, experience and interests, curriculum 
vitae, up to three representative reprints, 
and have two letters of recommendation 
sent to: Dr. Michael Moore, School of 
Life Sciences, Arizona State University, 
P.O. Box 874501, Tempe, AZ 85287-4501. 
Email submissions are acceptable (Michael. 


[C.Moore@asu.edu}. Application deadline is 


October 1, 2004; if not filled biweekly there- 
after until search is closed. 


For more information on the specific work going on in each of these labs and application instruc- 


tions, please go tq _http://www.nanoconductor.org|or e-mail Dave Mattson at[dmattson@uiuc.edul 


Arizona State University is an Affirmative 
Action/Equal Opportunity Employer. 


DEPARTMENT OF 
NATURAL RESOURCES & 
ENVIRONMENTAL SCIENCE 
AGRICULTURE, BIOTECHNOLOGY 
AND NATURAL RESOURCES 

TWO TENURE TRACK FACULTY POSITIONS: 


WILDLIFE CONSERVATION ECOLOGIST AND LARGE 
MAMMAL ECOLOGIST 


To be filled at the Assistant/Associate level 


The Department of Natural Resources and Environmental Science (NRES) 
seeks two tenure-track Assistant/Associate Professors to begin July 1, 2007. 
For the Wildlife Conservation Ecologist Position we seek candidates with 
strong quantitative skills and a broad range of interests, especially applied 
to birds or mammals. For the Large Mammal Ecology position, we will 
consider candidates with a broad range of interests, including nutrition, 
population biology or behavior. 


Candidates are expected to develop a competitively funded research program, 
a dynamic graduate training program, and to play an integral role in the advis- 
ing and development of our Wildlife Ecology and Conservation curriculum. 
Post doctoral or equivalent experience in teaching and the procurement of 
extramural funding are preferred. Candidates capable of developing a sound 
basic and applied research program with interests in working in arid and 
montane ecosystems, especially the Great Basin, and interacting with state 
and federal agencies are especially encouraged to apply. 


Applicants should apply on-line at:;Www.unrsearch.com/ andjwill be asked 


to attach a cover letter, statements of research and plans, statement of teaching 
philosophy and a current CV by October 1, 2006. Additionally, you may 
attach any Teaching Evaluations or Samples of Written Work. Either attach 
or send unofficial transcripts and three letters of reference to: Ms. Heidi 
McConnell, [hmc@cabnr.unr.edu] Search Committee Secretary, Dept. 
of Natural Resources & Environmental Science, University of Nevada, 
Reno/MS 186, 1000 Valley Road, Reno, NV 89512-0013. 


EEO/AA Women and under-represented groups 
are encouraged to apply. 


B 


A Massachusetts 
UMASS. Medical School 


University of 


TENURE-TRACK NEUROSCIENCE POSITION 


The Brudnick Neuropsychiatric Research Institute (BNRD), established as 
part of the unprecedented research expansion at the University of Mas- 
sachusetts Medical School, invites applications for a tenure-track position 
at the level of Assistant/Associate Professor. The BNRI was established 
in 2000 as a division of the Department of Psychiatry and is committed 
to broad based research investigating basic neurobiological principles 
underlying psychiatric disorders. Faculty interests focus on a variety 
of neurobiological problems and psychiatric disorders, with a common 
theme in the neurobiology of addiction. Applicants whose interests focus 
on addiction are especially welcomed, particularly those with a strong 
behavioral component. The BNRI is integrated into the Interdepartmental 
Neuroscience Program, which provides opportunities for graduate training 
and interactions with a large group of multidisciplinary neuroscientists. 
The BNRI is housed in a state-of-the-art laboratory facility, which includes 
magnets for high resolution functional brain imaging. The successful 
candidate is expected to establish an independent research program and 
play an integral role in new program initiatives. The position is highly 
competitive with regard to salary, start-up funds, and laboratory space. 


Applicants should send a CV, statement of research interests, and names 
and addresses of three references to: 
Dr. Steven Treistman, Director 
Brudnick Neuropsychiatric Research Institute 
University of Massachusetts Medical School 
303 Belmont Street 
Worcester, MA 01604 


E-mail} bnri@umassmed.edu 
www.umassmed.edu/bnri 


An Equal Opportunity/Affirmative Action Employer. 
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ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


Faculty Positions in Chemistry 
at Ecole Polytechnique Fédérale de Lausanne (EPFL) 


The EPFL anticipates making several faculty appointments at the 
level of tenure track assistant professor in its Institute of Chemical 
Sciences and Engineering (ISIC). Outstanding scientists with recog- 
nized accomplishments in any field of chemistry will be considered. 
We particularly encourage applications in the fields of inorganic 
chemistry and theoretical chemistry. Exceptional candidates seeking 
a higher-level appointment may also be considered. 


The successful candidate will establish and lead a vigorous, inde- 
pendent research program, interact with existing projects and be 
committed to excellence in teaching at both the undergraduate and 
graduate levels. Significant start-up resources and research infra- 
structure will be available. 


Applications including curriculum vitae, publication list, concise 
statement of research and teaching interests as well as the names and 
addresses (including email) of at least five references should be sub- 


mitted in PDF format via the website[http://sb.epfl.ch/ chemsearch]by 

October 15, 2006. 

For additional information, please contact Professor Hubert Girault 

(hubert. girault@epil.ch) or consult a following websites: 
http://www.epfl.ch/Eplace.htm. fitia ah epitchvedand 

http://isic.epfl.ch 


The EPFL is an equal opportunity employer. 
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ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


Faculty Positions in Organic Chemistry 
at Ecole Polytechnique Fédérale de Lausanne (EPFL) 


The EPFL anticipates making several faculty appointments at the 
level of tenure track assistant professor in its Institute of Chemical 
Sciences and Engineering (ISIC). Outstanding scientists with 
recognized accomplishments in any field of chemistry will be 
considered. We particularly encourage applications in the field of 
organic chemistry. Exceptional candidates seeking a higher-level 
appointment may also be considered. 


The successful candidate will establish and lead a vigorous, 
independent research program, interact with existing projects and be 
committed to excellence in teaching at both the undergraduate and 
graduate levels. Significant start-up resources and research 
infrastructure will be available. 


Applications including curriculum vitae, publication list, concise 
statement of research and teaching interests as well as the names and 
addresses (including email) of at least _five references should be 


submitted in PDF format via the websitd http://sb.epfl.ch/chemsearch| 


by October 31, 2006. 


For additional information, please contact Professor Hubert Girault 


(hubert.girault@epil.ch) or consult the following websites: 


ttp://www.eptl.c place.htm], 


ihttp://sb.eptl.ch/en|and http: Thisic. epfl.ch 


The EPFL is an equal opportunity employer. 


The Program in Science Technology and 
Environmental Policy at Princeton University 
2006-2008 
Fellowship Program for Distinguished Faculty, 
Senior Scholars, and Practitioners 


The Program in Science, Technology and Environmental Policy (STEP) at 
Princeton University’s Woodrow Wilson School of Public and International 
Affairs (Michael Oppenheimer, director) announces its 2006-2008 Senior 
Fellowship program. STEP will award fellowships accompanied by one-half 
year support at full salary or full year at half salary to eligible, distinguished 
faculty, scholars and practitioners. These awards are designed to promote 
advanced policy research in any of these areas: global climate change, global 
environmental governance, energy policy, global air pollution, conservation 
biology and ecology, bioethics and biotechnology, environmental health 
and disease, risk assessment, global science and security policy and infor- 
mation security. We seek candidates whose interests complement those of 
STEP faculty. Outstanding faculty, independent scholars, and practitioners 
anywhere in the world are eligible to apply. The fellows program is open 
to all regardless of citizenship. 


STEP fellows will have the opportunity to interact and collaborate with 
STEP faculty, other fellows, researchers and students and to participate in the 
various activities of the STEP program including faculty graduate seminars, 
colloquia, and public lectures. As part of the fellowship experience, STEP 
fellows will be involved in some of the following activities: participation on 
a university sponsored research project, collaboration with STEP faculty on 
projects of mutual interest, attendance at STEP seminars, and participation 
in meetings with STEP students, faculty, and postdocs. 


Salaries vary according to individual circumstances, but will not exceed 
a maximum that is set each fall. Rank is contingent upon qualifications. 
Applicants not on leave from other positions will be eligible for employee 
benefits; others will be eligible for health insurance only. Applicants 
interested in teaching a seminar at Princeton University during their visit 
should so indicate. 


Applicants should send a CV and cover letter (no more than 1,000 words) 
describing their proposed activities while at Princeton. On a separate sheet of 
paper, applicants should submit a confidential statement indicating (1) their 
salaries (not including summer research support) for the current academic 
year and (2) financial support available to them from their home institutions, 
other grantors, and any other sources during their time at Princeton. Send 
all materials via email to Charles Crosby at 
The review process will begin immediately and continue until positions 
are filled. 


Program in Science Technology and Environmental 
Policy at Princeton University - 2006-2008 
Postdoctoral Fellowship Program 


The Program in Science, Technology and Environmental Policy (STEP) 
at Princeton University’s Woodrow Wilson School of Public and Interna- 
tional Affairs (Michael Oppenheimer, Director) announces its 2006-2008 
Postdoctoral Fellowship Program. STEP will award one-year research posi- 
tions (with the possibility of renewal for a second year) to eligible, talented 
researchers. These awards are designed to promote basic policy-relevant 
research under the supervision of one or more STEP faculty members in 
the broad areas of global climate change, global air pollution, energy 
policy, global environmental governance, conservation biology and ecol- 
ogy, bioethics and biotechnology, environmental health and disease, risk 
assessment, global science and security policy and information security. 
The Postdoctoral Fellows Program is open to all regardless of citizenship, 
but requires a completed doctorate and does not support work towards the 
completion of a degree. STEP fellows will be eligible for salary and full 
employee benefits in accordance with University guidelines. 


Applicants should send a CV anda cover letter describing their areas of exper- 


tise and interest via email to Charles Crosby at[ccrosby@princeton.edu] 


The review process will commence immediately and continue until posi- 
tions are filled. 


For more information about applying to Princeton please link to: 


http:/[web.princeton.edu/sites/dot/ApplicantsInto.htm 


e the “Invitation to Self-Identify” form 


mpl 
ifn an STEESE sadialslieg/auttorma/PsorueniD. pdf. Providing 


the self-identification information is completely voluntary and declining 
to submit the information will not adversely affect your candidacy. 


Princeton University is an Equal Opportunity/ 
Affirmative Action Employer. 


ScienceCareers.org 
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The Ruth & Bruce Rappaport Faculty of Medicine, 
Technion — Israel Institute of Technology, Haifa, Israel 
invites candidates to apply for tenure-track positions in 
Cell Biology, Pharmacology, Biochemistry, Immunology, 
Genetics, Neurosciences, Physiology and Microbiology. 
A Ph.D. and/or M.D. degree followed by a successful 
post-doctoral training is required. Applicants, with proven 
excellence in research, will be expected to establish an 
independent research program, obtain extramural 
funds and teach medical and graduate students. 


Generous laboratory space, start-up funds and technical 
assistance will be available to successful candidates. 


Applications (hard copy or electronic), including 
curriculum vitae, list of publications, a short (2-3 pages) 
summary describing future research plans and names 
and contact information of four referees should arrive 
no later than November 30, 2006. Please send to: 


Dr. Orly Avni 
Search Committee Coordinator 
Rappaport Faculty of Medicine 
POB 9649, Haifa, Israel 31096 


Email:[naomic @tx,technion.ac.l 


Georgia || College of 


Tech ||| Sciences 


Chair, School of Applied Physiology 


The School of Applied Physiology invites nominations and applications 
for the position of Chair. We are seeking an outstanding scholar and 
i national presence to lead a vibrant and growing program 


educator with a 
(www.ap.gatech.edu)) The successful candidate will have an active fund- 
ed research program and excellent administrative and leadership skills. 


Existing research programs use a systems physiology approach to study 
movement and mobility at all levels, from molecule to organism. Research 
areas include muscle and exercise physiology, neural control, biomechanics, 
and prosthetics and orthotics. We have an internationally recognized M.S. in 
Prosthetics and Orthotics and a new Ph.D. program. Opportunities for col- 
laboration exist on campus and with the Emory School of Medicine, Georgia 
State University and the Atlanta VA Medical Center. Georgia Tech is one of the 
nation’s top 10 public research universities and is situated on an attractive 
400 acre campus in the heart of Atlanta, a culturally-rich and dynamic city. 


Review of applications will begin October 1st and will 
continue until the position is filled. Interested parties should 
submit a curriculum vitae and names and addresses of five references. 


Submit by email to:|science@cos.gatech.edu. 


Or, by regular mail, to: Chair of Applied Physiology Search Committee, 
College of Sciences Dean’s Office, Georgia Institute of Technology, 
Atlanta, GA 30332-0365. 


Georgia Tech, a unit of the University System of Georgia, is an equal 
education and employment opportunity institution. 


TENURE-TRACK FACULTY POSITIONS 
University of Missouri-Columbia 
School of Medicine 
Center for Cellular and Molecular Immunology 


The newly established Center for Cellular and Molecular Immunology 
(CCMD) at the University of Missouri-Columbia, School of Medicine is 
seeking highly qualified applicants for Faculty positions at the Assistant, 
Associate, and Full Professor level. Candidates with interests in the molec- 
ular mechanisms of autoimmunity, hypersensitivity, and transplantation 
immunology are encouraged to apply, but strong applicants from other 
areas such as tumor immunology and immunity to infectious diseases 
will also be considered. Salary and startup packages are highly competi- 
tive. All applicants must have a Ph.D. and/or M.D. and an outstanding 
track record in research. The appointee will be expected to develop a 
competitive, independently funded research program or if appointed at 
the Associate or Full Professor level, to have a proven ability to attract 
external funds. Appointees will also be expected to fulfill modest service 
and teaching duties. Good communication skills are required. Academic 
appointment will be either in the Department of Molecular Microbiol- 
ogy and Immunology or in the Department of Surgery depending upon 
programmatic fit. The CCMI is being established under a new leadership 
and will be located in newly renovated space in the Medical Sciences 
Building. Review of applications will begin October 1, 2006 and will 
continue until the positions are filled. 


Applicants should submit a two page personal statement describing his/her 
research interests, a curriculum vitae, and names, addresses, telephone 
numbers, and e-mail of at least three references to: CCMI Search Com- 
mittee, c/o Ms Shelly Crawford, M616 Medical Sciences Building, 
Department of Molecular Microbiology and Immunology, University 
of Missouri-Columbia, School of Medicine, Columbia, MO 65212; 
(573) 882-8989, 


The University of Missouri is an AA/EOE. Women and minorities 
under-represented in biomedical research are encouraged to apply. 


Immunology Faculty Position at the 
Sloan-Kettering Institute 


The Immunology Program at the Sloan-Kettering Institute (SKI) is seeking 
innovative investigators for tenure-track positions at the Assistant, Associate, and 
Member levels who wish to address basic problems in immunology with possible 
relevance to cancer. Applicants should have a doctoral-level degree and the potential 
to develop a strong independent research program or a proven record of 
accomplishments, depending on the level of appointment. Qualified applicants with 
an M.D. degree may be offered a joint appointment in an appropriate department 
in Memorial Hospital. Candidates will join a faculty with a broad range of research 
interests, including transplantation, T and NK cell development and function, gene 
regulation, antigen presentation, infectious disease and tumor immunology. The 
program has recently moved into contiguous space on 3+ floors in a new 23 story 
laboratory building. Faculty will also be eligible for appointments in the newly 
established Gerstner Sloan-Kettering Graduate School of Biomedical Sciences, as 
well as the Weill Graduate School of Medical Sciences of Cornell University. 


SKI offers a highly interactive, supportive and exciting research environment with 
programs in Immunology, Cancer Biology & Genetics, Cell Biology, Molecular 
Pharmacology & Chemistry, Molecular Biology, Developmental Biology, 
Computational Biology and Structural Biology, as well as unparalleled clinical 
programs in cancer research, treatment and prevention. 


Candidates should e-mail their application, preferably in PDF format, to 
The application should include a CV, a description of past 
research, a description of proposed research, and copies of three representative 
publications. Candidates should arrange to have three signed letters of reference 
sent by e-mail to or regular mail to: Dr. James P. Allison, 
Chairman, Immunology Program, C/o Kathleen Driscoll, Memorial Sloan- 
Kettering Cancer Center, 1275 York Avenue, Box 494, New York, NY 10021. 
Application Deadline: October 15, 2006. For more information please visit our 
website at{www.ski.edu] Memorial Sloan-Kettering Cancer Center is an affirmative 
action, equal opportunity employer. 


*, Memorial Sloan-Kettering Cancer Center 


The Best Cancer Care. Anywhere. 


* [www.mskcc.org] 


Theravance is an 
established, Progressive 
mae aceuti 


commercial; 


a difference in a number of 


therapeutic areas. You can now be part of this 
environment at our South San Francisco, CA 


Associate Director/Director/ 
Senior Director — Pharmacology 


successful candidate will lead a team of research 
s and scientists and work collaboratively 
with senior feelers of Research to execute project 
es will include direction of in 
ical studies, providing strategic and 
tactical direction to the project team mand prep: 
IND-reports for studies on development candi 
In addition, you will be expected to champion 
new drug-disc ideas and conduct in vivo 


proof-of-concept studies to enable the initiation of 


new projects. 


‘The successful candidate will have a Ph.D. in 
Pharmacology or related science with a minimum 

of eight years of experience in a biopharmaceutical 
company. A strong publication record, sound 
theoretical and experimental background in classical 
eben naceloey and extensive experience in developing 


experimental ‘pharmacologic: al principles 
to drug-discovery projects in diverse therapeutic 
excellent written and verbal communi 
as well as the ability to work with mu 
teams will be key to your su 


Beyond attractive compensation and benefits, we 
will provide you with a challenging and rewarding 
environment along with everything you need 

to excel both personally nd professi 

For immediate consideration, p 

www.theravance.com/career: 5 
and view all of our current openings. 
We are an equal opportunity 
employer. 
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Careers That Make a Difference 


LUDWIG- 


MAXIMILIANS- 
UNIVERSITAT 
MUNCHEN FACULTY OF PHYSICS 


To strengthen the interdisciplinary research area ,,Nanoscience” at Ludwig-Maximilians- 
Universitat Munich and to promote exceptional junior scientists the Faculty of Physics 
invites applications for the following five associate professorships: 


Professorship (W2, tenure-track) for Applied Physics 
Biophysics 
Research should focus on bio-molecular systems employing single molecule techniques. 
Additional areas include biopolymers, protein folding, molecular recognition, proteo- 


mics, gene regulation, bio-molecular networks, or the interaction of poly-electrolytes 
with interfaces. 


Professorship (W2, tenure-track) for 
Experimental Physics 
Soft Matter/Biophysics 


Preferred research areas are biophysical interfaces or interfaces in nano-biotechnology, 
e.g. biomineralization, biofunctionalized surfaces, thin polymer films, nanostructures at 
interfaces or cell-solid interactions. Research involving X-ray or neutron-diffraction is 
appreciated. 


Professorship (W2, tenure-track) for 
Theoretical Physics 
Statistical Physics 


Areas of research include biological physics, non-equilibrium systems, statistical physics 
as well as structure and dynamics of complex systems. An active participation in the 
Arnold Sommerfeld Center for Theoretical Physics” (ASC) and the LMU/nnovativ focus 
area ,,Functional Nanosystems” is desirable. 


Professorship (W2, tenure-track) for 
Experimental Physics 
Condensed Matter Physics 


The LMU/nnovativ initiative ,,Functional Nanosystems” dedicates this position to the 
area of ,,Physical aspects of hybrid nano-bio-systems. Research areas include chip- 
based nano-bio-systems, artificial molecular machines and bio-molecular-assisted self- 
assembly of nanoelectronic circuits. We seek candidates with expertise in fabrication via 
nanoscale lithography and self-assembly. 


Professorship (W2, tenure-track) for 
Experimental Physics 
Condensed Matter Physics/Biophysics 


The LMU/nnovativ initiative ,,Functional Nanosystems” dedicates this position to the 
area of ,,Photonics in hybrid/colloidal nanosystems”. Possible topics include nano- 
optics, nano-plasmonics, organic/inorganic hybrid systems, (bio-)chemically functiona- 
lized nanosystems, synthetic antennae complexes, nanoscopics in biological systems. 
Experience with novel optical methods and the processing and characterization of hybrid/ 
colloidal nanosystems is desirable. 


An active participation of the professorships in the,,,Center for NanoScience” (CeNS) and 
local collaborative research programs is desirable. For additional information of ongoing 
activities see: [www.cens.de] 


Candidates are expected to conduct an independent research program that complements 
existing research efforts and to participate.in the teaching program. In addition to a 
Ph. D. in physics they should have an outstanding record of internationally recognized 
research accomplishments. The tenure-track positions are initially granted for a six-year 
period and can, with a positive evaluation, be converted to tenure after a minimum of 
three years. In exceptional cases and with outstanding qualifications immediate tenure 
can be granted. At the time of appointment the age of 52 should not be exceeded. 


In order to increase the proportion of female faculty applications from female scientists 
are particularly encouraged. 


Preference will be given to disabled persons with the same qualifications. 


Applications including a curriculum vitae,.a photograph, academic records, a list of 
publications and invited lectures, a two-page summary of planned research activities 
should reach the Dekanat der Fakultat fur Physik der Ludwig-Maximilians-Universitat 
Munchen, SchellingstraBe 4, D 80799 Muinchen., Germany by October 01, 2006. 
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MBL Biological Discovery in Woods Hole 


| Founded ir 1888 2c tre A4srine Biologica! Laborstary 


Assistant/Associate and Senior Scientists 


Josephine Bay Paul Center for Comparative Molecular Biology 
and Evolution 


Positions in Ecological Genomics and Molecular Evolution 


The Josephine Bay Paul Center for Comparative Molecular Biology and Evolution at the Marine 
Biological Laboratory invites applications for Assistant, Associate, and Senior Scientists in the areas 
of molecular microbial ecology and evolution, comparative genomics and bioinformatics. Preference 
will be given but not restricted to individuals whose research centers on 1) evolution of microbial 
communities, 2) microbial genomes, and 3) analysis/management of biodiversity data. Candidates 
who employ theoretical and experimental approaches to understand evolutionary processes in 
Bacteria, Archaea, Protists and/or viral systems are encouraged to apply. The successful candidates 
will establish productive research programs in a highly collaborative environment, and they will 
have the opportunity to join the faculty of the MBL/Brown graduate program. Applicants must hold 
a Ph.D. in Biology or a related field, and have a strong record of scientific publication and ability to 
attract extramural funding. 


The Bay Paul Center and the Marine Biological Laboratory have considerable strengths in molecular 
evolution, functional genomics, microbial diversity and ecology, and advanced imaging. The Center 
maintains state-of-the-art facilities for high-throughput molecular and computational analysis. As 
part of our expansion at the Bay Paul Center we offer competitive start-up and salary packages. 
Initial review of applications will begin immediately and continue until appropriate candidates are 
identified. 


For fullest consideration, please apply by October 15, 2006. Applicants should submit curriculum 
vitae, statement of research interests and list of five references to: 

Mitchell L. Sogin 

c/o Phyllis Doheny 

Positions in Ecological Genomics and Molecular Evolution 

Josephine Bay Paul Center The MBL is an Equal 

MBL Opportunity/Affirmative 


7 MBL Street Action Employer/Non- 
Woods Hole, MA 02543 smoking workplace. 


CANCER INSTITUTE 


The Vincent F. Kilborn, Jr. 
Cancer Research Fellowship 


An endowment has been established in memory and honor of Mr. Vincent 
F. Kilborn, Jr., to support cancer research at the Mitchell Cancer Institute 
(MCI), University of South Alabama. Annual revenues generated from the 
endowment will help fund the early career development of an outstand- 
ing individual who has recently earned a doctoral degree with a focus on 
cancer research. The selected candidate will receive an annual stipend and 
support for research expenses for up to 3 years. The recipient will hold 
the title of “Vincent F. Kilborn, Jr. Cancer Research Fellow” (Kilborn 
Fellow). The Kilborn Fellow will receive extensive mentoring from the 
senior professional research faculty of the MCI, and will be a significant 
contributor to the cancer research workforce of the Institute. He/she will 
participate in one or more multidisciplinary research programs focusing on 
new drug, immunotherapeutic, and diagnostic discovery and development, 
with an emphasis on fundamental mechanisms of cancer metastasis and 
drug resistance. The Kilborn Fellow also is expected to actively compete 
for extramural grant funding. The highly successful Kilborn Fellow who 
succeeds in winning significant grant support for his/her research, may be 
eligible for consideration for an additional 3-year term of support under 
the Kilborn Fellowship, and/or a tenure-track faculty appointment. 


The MCI is ideally located in Mobile Alabama, a progressive, mid-sized 
port city of rich cultural history, in the beautiful upper Gulf coastal 
region. Moderate climate, abundant outdoor recreational opportunities, 
low cost-of-living and a “college-town” atmosphere all contribute to a 
high “quality of life” opportunity. 


Individuals wishing to be considered for this position should submit a letter 
outlining their research interests and a curriculum vitae, to: Dr. Oystein 
Fodstad, Barbara Colle Chair and Scientific Director, USA/MCI, 
307 N. University Blvd., MSB 2015, Mobile, AL 36688; or e-mail 


; ; a 
Yale University 


DEAN OF ENGINEERING 


Yale University invites applications and nominations for the 
position of Dean of Engineering. The Dean will provide 
leadership to the Faculty of Engineering, which includes five 
departments and one program; Applied Physics, Biomedical, 
Chemical, Environmental, Mechanical and Electrical 
Engineering, within the Faculty of Arts and Sciences. 
Additional ladder appointments will be made in the near future 
to support recent initiatives in environmental engineering, 
biomedical engineering and nanoscale science and technology, 
and to sustain ongoing programs. The new Dean would be 
expected to play a key role in these recruitments and in 
planning future research and educational initiatives. Yale 
engineering faculty have strong collaborations with colleagues 
in the mathematical, physical, and biological sciences in the 
Faculty of Arts and Sciences, as well as with faculty in the 
school of medicine, forestry and environmental studies, and 
management. At the undergraduate level, Yale engineering 
places particular emphasis on providing a broad and balanced 
curriculum with a view to training future leaders. 

Letters of application should be addressed to: 


Provost Andrew D. Hamilton, PO. Box 208365, 
Yale University, Warner House, | Hillhouse Avenue, 
New Haven, CT 06520-8365. 


Yale University is an affirmative action, equal opportunity 
employer and particularly welcomes applications and nominations 
of women and members of underrepresented minorities. 


A TRADITION OF EXCELLENCE 


ASSOCIATE DIRECTOR AND ENDOWED CHAIR 
FOR CLINICAL RESEARCH 
THE METHODIST HOSPITAL RESEARCH INSTITUTE 


The Methodist Hospital Research Institute of The Methodist Hospital, 
Houston, Texas, seeks an exceptional physician scientist to lead its effort 
in clinical research. The Methodist Hospital System consists of 1,450 beds, 
including 950 located in the Texas Medical Center in Houston. Together 
with our partners at Weill Cornell Medical College and New York-Pres- 
byterian Hospital in New York City, there are 3,500 beds available for 
clinical investigation and clinical trials. The successful candidate will be 
responsible for organizing and leading the Institute’s clinical research 
in Houston and collaborating with our Cornell and NYP colleagues. We 
encourage applications from individuals who currently lead substantial 
programs conducting clinical research. The hospital is in an unprecedented 
expansion phase, which includes building a new 590,000 SF outpatient 
facility and 340,000 SF research building. These state-of-the-art facili- 
ties are designed to foster extensive collaboration between clinical and 
basic scientists. 


The successful applicant will hold an endowed chair and receive a 
generous salary, fringe benefits, and a relocation package. Individuals 
interested in this unique career opportunity should send via e-mail a 
curriculum vitae, including grant funding information and the names of 
five references to: 
Michael W. Lieberman, M.D., Ph.D. 
c/o Ms. Elizabeth Al-Ateeqi 
Director, The Methodist Hospital Research Institute 
6565 Fannin, Mail Stop B490 
Houston, TX 77030 


Meth@list The Methodist Hospital 
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TENURE-TRACK FACULTY POSITIONS 


Department of Biochemistry, Microbiology 


and Immunology 
Faculty of Medicine, University of Ottawa 


—— 


UU 


uOttawa 


L’Université canadienne 
Canada’s university 


The Faculty of Medicine at the University of Ottawa, one of Canada’s leaders in biomedical research, 
is undergoing a major expansion of its basic science research capacity. This is an exciting oppor- 
tunity for new and established researchers to participate in the thematic development of research 
in an interactive environment. The Department of Biochemistry, Microbiology and Immunology, 
home of the Ottawa Institute for Systems Blologyfueawamededumed uottawarca/okbA invites 
applications for tenure-track positions from individuals with interests in bioinformatics, 
computational/structural biology, analysis of molecular networks (e.g., proteomes, lipidomes, and 
metabolomes), and the microbiology and immunology of emerging pathogens. Investigators will 
have the opportunity to participate in the building of a dynamic research community within the 
Faculty of Medicine, which is equipped with modern facilities in proteomics, high throughput 
genomics, and computational biology. 


Successful candidates are expected to direct graduate student and postdoctoral research, and to 
participate in undergraduate and graduate education in Biochemistry and/or Microbiology and 
Immunology. Applicants should have a PhD and/or MD degree and have completed at least two 
years of post-doctoral training at the time of application. An ability to teach in both French and 
English would be an asset. A current CV, a one-page statement of research interests, and the 
names of three references should be sent by e-mail to the Department[at mseguin@uottawa.cd. 
All candidates will be considered for Canada Research Chair appointments. 
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The University of Ottawa, at the heart of 
Canada's capital, is one of our country's 
leading research universities. We are a 
cosmopolitan community of over 
35,000 students, faculty and staff who 
live, work and study in both English 
and French. We are proud to be 


More information on the Department can be obtained at|www.medicine.uottawa.ca/microbio, 
Canada's university. 


All qualified candidates are encouraged to apply; however, Canadian citizens and permanent residents will be 
given priority. Equity is a University of Ottawa policy; women, aboriginal people, members of visible minorities 
and persons with disabilities are invited to apply. Review of applications will begin on October 1, 2006, and will 
continue until the positions have been filled. Appointments will take effect as early as January 2007. 


Postdoctoral Associate 


i lit [ fl Massachusetts Institute of Technology 


It takes everyone at MIT to be MIT. 


FACULTY POSITION 
Department of Biology 


The Massachusetts Institute of Technology Department of Biology is seeking an 
outstanding scientist for a tenure track position as an Assistant Professor. We 
are interested in candidates with important research contributions, the ability to 
develop a significant and independent research program, and a commitment to 
excellence in undergraduate and graduate education. 


The applicant's research program should involve the study of cells, organisms or 
the interactions among them. Areas of interest include, but are not limited to, cell 


Stony Brook University's Department of 
Pharmacological Sciences is seeking applications 
for a Postdoctoral Associate available to study 
A-kinase Anchoring Protein (gravin/AKAP79) 
structure and function. 


Required Qualifications: Ph.D., D.Sc., M.D., or 
equivalent in the biological sciences; especially 
relevant is former predoctoral training in cell 
signaling, including microscopy/imaging of 
autofluorescent proteins, siRNA techniques, 

and overexpression techniques. The structure 
and function of A-kinase anchoring proteins 
(e.g., gravin and AKAP79) will be explored at 

the cellular level using molecular biological, 
proteomics, FRET/BRET, and imaging techniques. 


To apply, please submit a CV, references, 


and a letter of interest to: 


Dr. Craig C. Malbon, Leading Professor 
Department of Pharmacological Sciences 
Health Sciences Center 


Bas 


ic Science Tower-Seven, 162 


Stony Brook University 
Stony Brook, NY 11794-8651 


Fax: 


(631) 444-7696 


Equal Opportunity/Affirmative Action Employer. 
Visit}wwiyBtonybrookedu/cjo to apply online and 
for employment information. 


STaN Y 
BR@NWK 


biology, developmental biology, immunology, evolutionary biology and 
mammalian biology including stem cells and infectious and other diseases. 


Applicants should submit a curriculum vitae, a summary of current and proposed 
research programs and should arrange for three letters of recommendation to be 
sent to: 


Biology Search Committee, Attn: Dr. Monty Krieger, MIT Room 68-132, 
77 Massachusetts Avenue, Cambridge, MA 02139-4307 


Consideration of completed applications will begin on October 15, 2006. 


This is one of four coordinated faculty searches currently being conducted by the 
Biology Department at MIT. All qualified applicants are encouraged to apply. 


MIT is an Affirmative Action/Equal Opportunity Employer. Qualified women and 
minority candidates are especially encouraged to apply. 


http://web.mit.edu 
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Medical Center 


Virginia Commonwealth University 


CARDIOLOGY 
Heart Failure Research and Clinical Specialist 


Division of Cardiology 
MCV Physicians 
Richmond, Virginia 


Associate Professor/Assistant Professor/Professor: BC/BE faculty member 
is sought for continued expansion of the VCU Pauley Heart Center of 
Virginia Commonwealth University. The VCU Pauley Heart Center is a 
regional referral center with a reputation for excellence in routine, as well 
as complex patient management. The Heart Center’s faculty are leaders 
in diagnostics, interventional cardiology, cardiovascular research and 
cardiac surgery. Expanding cardiac services is a key strategic initiative 
of the VCU Health System. 


Heart Failure Specialist: VCUHS is seeking to expand science and 
research in Heart Failure management. To devote 50-75% effort to research 
endeavors. We are seeking candidates with an established research base. In 
addition, candidates should possess a strong clinical background in heart 
failure as well as experience with transplant and device management. 
The successful candidate will also participate in Total Artificial Heart 
studies and have access to a new state of the art Cardiovascular research 
lab open in 2007. Generous support to facilitate program recognition will 
be available. 


The position offers clinical care, teaching and research opportunities. 


Interested candidates should forward their curriculum vitae to: George 
W. Vetrovec, M.D., Chairman, Division of Cardiology, Department 
of Internal Medicine, Virginia Commonwealth University, P.O. Box 
980036, Richmond, VA 23298; Phone 804-628-1215; Fax 804-828-8321; 


emaillgvetrove@ise.veu.edu} 
Virginia Commonwealth University is an Affirmative Action, Equal 
Opportunity Employer. Women and minorities are encouraged to apply. 


WPI ASSISTANT PROFESSOR 

¥¥2 2 CHEMISTRY & BIOCHEMISTRY 
The Department of Chemistry and Biochemistry invites applications for 
a tenure-track position starting in August 2007. The candidate is 
expected to develop a vigorous, externally-funded research program at the 
interface of chemistry and biochemistry. This position is part of a new 
life science research initiative at WPI supported by a state-of-the-art 
research facility scheduled to open in spring 2007. This $40M facility 
will host life science related departments and the Bioengineering 
Institute. Candidates should have a Ph.D. degree with postdoctoral 


experience, proven research ability, and an interest in teaching in the 
inorganic/bioinorganic chemistry area. 


The Department offers undergraduate and graduate (Ph.D.) degrees in 
chemistry and biochemistry. WPI is a private, selective technological 
university with an undergraduate student body of 2800 and 1000 
full-time and part-time graduate students. Worcester, New England’s 
third largest city, offers ready access to diverse economic, cultural and 
recreational resources of the region. Further information about WPI and 


the department can be accessed at} http://www.wpi.edu 


The application should consist of a detailed curriculum vita, a proposal 
describing plans for future research, a statement of teaching interests, and 
three letters of reference. These materials should be sent to Dr. Robert E. 
Connors, Chair, Search Committee, Department of Chemistry and 
Biochemistry, Worcester Polytechnic Institute, 100 Institute Road, 
Worcester, MA 01609. Review of applications will begin immediately 
and will continue until a suitable candidate is identified. 


WPI offers a smoke free environment, competitive compensation and an 
excellent benefits package including health insurance, family tuition 
reimbursement and generous vacations. 


To enrich education through diversity, WPI is an affirmative action, equal 
opportunity employer. 


A place of discovery... 
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PRINCIPAL INVESTIGATOR 
The Systems Biology Group at the Samuel Lunenfeld Research Institute 
invites applications for a Principal Investigator position (assistant to full 
professor equivalent, according to experience) in the area of integrative cell 
biology. Areas of interest include, but are not limited to, mathematical 
modeling of dynamic cellular systems, chemical biology, imaging of cellular 
processes, and high-throughput biology. Our group has an international 
reputation in signal transduction, cell cycle, cell polarity, differentiation, and 
cell metabolism. 


You hold a PhD or PhD/MD with postdoctoral experience and a strong 
publication record. Candidates are expected to develop innovative and highly 
competitive independent research programs. The Samuel Lunenfeld Research 
Institute is affiliated with Mount Sinai Hospital and the University of Toronto 
[Chttp://www.mshri.on.ca}. The Institute is a leading centre for molecular and 
cellular biology with particular strengths in cancer and development and 
stem cell biology, and is part of a vibrant research community in Toronto. 
The position will include the opportunity of cross-appointment with the 
University of Toronto. We offer competitive salary and startup packages 
commensurate with experience and qualifications. Applications should 
include a current CV, summary of research interests and goals, most relevant 
publications, and contact information for three referees. Applications should 
be submitted, preferably by e-mail, by October 15, 2006 to: Chair, Systems 
Biology Search Committee, Samuel Lunenfeld Research Institute, 

600 University Avenue, Room 850A, Toronto, ON M5G 1X5 

e-mail {SystemsBiol@mshri.onca] 


We thank all candidates for applying. 

Only those selected for an interview MOUNT 

will be contacted. We are a fully 1;4) SINAI | Sam ue | Lu ne nfe | d 
HOSPITAL | Research Institute 


accredited hospital and an equal 
opportunity employer. 


A WORLD CLASS FACILITY IN THE HEART OF TORONTO 


RSITY 
RGINIA 


BINUIIE HEALTH SYSTEM 
2 POSITIONS AVAILABLE 


Instructor of Research of Internal Medicine - 
Digestive Health Center of Excellence 


Position 1 (Biology): Ph.D. required in biology with relevant 
post-doctoral experience and quality publications. Qualified 
candidates will have research interests in immunology related to 
inflammatory bowel disease, experience with animal models of 
chronic and acute inflammation required. Knowledge of adoptive 
transfer, isolation of intestinal/epithelial/endothelial cells, live-cell 
confocal microscopy, FACS, qPCR, cell cycle progression and 
transcription factor signaling mechanisms. Salary commensurate 
with experience. 


Position 2 (Biomedical Science): Ph.D. in a biomedical science, 
preferably with post-doctoral experience. Editorial experience and 
training are required. Demonstrated ability to rapidly grasp 
unfamiliar research areas is preferred as role involves working with 
a wide variety of clinicians and researchers. Experience in 
publishing is essential as the individual will be expected to take the 
lead in the preparation of a wide variety of publications as well as 
being invaluable for the integration of electronic submission 
processes. The candidate should have a high degree of computer 
literacy and enjoy working with others in a highly interactive 
research environment. Salary commensurate with experience. 
Submit CV and two letters of reference and indicate the position to 

which you are applying, to: 

University of Virginia DHC, Box 800708 
Charlottesville, VA 22908 
attn: Martha Dudley 
The University of Virginia is an Equal Opportunity/ 
Affirmative Action Employer. 


UY Duke University Medical Center 


Tenure-track Faculty Position (Assistant/ 
Associate Professor) in the Department 
of Molecular Genetics and Microbiol- 
ogy, Duke University Medical Center 


Applications are invited for a tenure 
track position. We are interested in indi- 
viduals who will develop an outstanding 
research program in Virology, prefer- 
ably focusing on DNA tumor viruses or 
factors governing viral pathogenesis. 


The Department currently has 21 tenure- 
track faculty working in virology, 
microbial pathogenesis, DNA repair and 
animal and human genetics and genom- 
ics. Multiple interdisciplinary programs 
at Duke University afford a rich envi- 
ronment for scientific interactions. The 
facilities and start-up support are excellent. 


Applications should include a curriculum 
vitae, a brief description of research accom- 
plishments, a short description of plans for 
future research, teaching experience, and 
the names and contact information for three 
individuals who can provide references. The 
deadline for applications is January 15, 
2007. Applications should be e-mailed as 
a single pdf to:[MGMFaculiySearch@me] 
Non-electronic applications will 
not be accepted. 


Women and minorities are encouraged 
to apply. Duke University is An Equal 
Opportunity/Affirmative Action Employer. 


UNIVERSITY OF 


y MARYLAND 


THE DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY 


Biomolecular X-ray Crystallographer 


All Levels Tenure-track or Tenured Position 
(Assistant Professor, Associate Professor, and Professor) 


As part of major university initiatives in the life sciences and biophysics, the Department of Chemistry 
and Biochemistry seeks to appoint a biomolecular x-ray crystallographer to a tenured or tenure- 
track position. The successful candidate will add to a program in biomolecular crystallography that 
was initiated this past year with the hire of one individual at the Assistant Professor level. We seek 
outstanding scientists whose research interests complement existing strengths in the department and 
across the university and who are committed to developing outstanding programs in research and 
teaching. One of four departments within the College of Chemical and Life Sciences, members of 
the Department of Chemistry and Biochemistry participate in university centers and initiatives that 
include the Center for Biomolecular Structure and Organization, the Center for Bioinformatics and 
Computational Biology, the Institute for Physical Science and Technology, as well as a university- 
wide initiative in biophysics. The University of Maryland, College Park is the flagship campus of 
the University of Maryland System and is ideally situated in close proximity to Washington, D.C., 
Baltimore, and Maryland’s I-270 Technology Corridor. Candidates should submit a curriculum vitae, 
a three-page summary of research plans, a statement of educational interests, and contact information 
for three persons from whom letters of recommendation can be requested. Please submit applications 
via the department web site 

Qualifications: We seek scholars who will build or have highly visible, widely acclaimed research 
programs and who are capable of excellence in undergraduate and graduate education. Candidates 
are expected to have a Ph.D. degree, demonstrated accomplishments in independent research, and 


promise as an effective educator. 


Salary: Commensurate with qualifications. 


Deadline: Review of applications will begin October 11, 2006, but we will continue to accept 


applications until the position is filled. 


AN EQUAL OPPORTUNITY, AFFIRMATIVE ACTION EMPLOYER. APPLICATIONS 
FROM WOMEN AND MINORITIES ARE ENCOURAGED. 


The Midwest Regional Center of Excellence for 
Biodefense and Emerging Infectious Diseases 
(MRCE) headquarters at Washington University 
is seeking a Project Manager. The MRCE is one 
of 10 NIAID funded centers devoted to research 
on emerging infectious diseases and potential 
agents of bioterrorism. This position oversees 
many of the varied non-financial activities of 
a multi-institution research consortium with an 
annual budget of $6.5 million and more than 
25 ongoing projects. Coordinates and oversees 
2 grant competitions and 2 fellowship competi- 
tions each year, communicates with scientific 
advisory committee members reviewing grants, 
and assists in the writing and preparation of the 
center’s yearly progress report to NIH. Interacts 
frequently with center’s financial manager and 
staff to discuss fiscal issues. Coordinates center’s 
annual meeting and guest lecture series and assists 
to varying degrees with some of the more than 30 
projects funded by the center. Serves as spokes- 
person for the center by traveling, writing, and 
speaking at meetings as needed. Supervises 2 staff 
members and reports to center Director. 


Requirements: Advanced degree (PhD, MD, 
DVM) preferably in life sciences. Excellent 
writing skills, experience with NIH grant appli- 
cations and progress reports, familiarity with NIH 
guidelines and ability to communicate effectively 
with both researchers and their administrators. 
Attention to detailed human and animal research 
compliance regulations, documentation and 
record keeping and ability to multitask. Ability 
to plan and budget new projects, prioritize tasks, 
and superior organizational skills. 


For consideration, please submit C.V. and cover 


letter to:[brodeTense(@idwustl equ] 


University of California, Irvine 


FACULTY POSITION IN 
PHARMACOLOGY 


The Department of Pharmacology at the 
University of California, Irvine (UCI) invites 
applications for a tenure-track faculty position 
at the level of Associate or Full Professor. We 
seek a scholar with a proven record of research 
accomplishments. He/she should have specific 
interest in the mechanisms governing gene 
expression and their functional links to 
metabolism and neuronal responses. Special 
consideration will be given to candidates 
with expertise and experience in integrat- 
ing genetic, biochemical and physiological 
approaches. Other qualifications include 
an M.D. and/or Ph.D. in pharmacology or 
a related field and an interest and talent for 
teaching. 


Curriculum vitae, names of references, and a 
summary of research interests should be sent 
to: Janet Deshaw, Academic Personnel 
Coordinator, Department of Pharmacol- 
ogy, School of Medicine, University of Cali- 
fornia, Irvine, Irvine, CA 92697-4625. 


The University of California, Irvine has an 
active career partner program and an NSF 
ADVANCE Program for Gender Equity and 
is an Equal Opportunity Employer 
committed to excellence through diversity. 


UNIVERSITY OF MASSACHUSETTS 
AMHERST 
PHYSICS DEPARTMENT 
GLUCKSTERN PROFESSORSHIP 


The Physics Department at the University of Mas- 
sachusetts Amherst is extending its search for a 
senior faculty member with an outstanding record 
of research accomplishments to fill the endowed 
Robert L. Gluckstern Distinguished Professorship 
in Physics. The Physics Department anticipates 
substantial new hiring in several areas over the 
next five years. We plan a major expansion in the 
area of biological physics during the next several 
years and a major priority is to hire a leader in 
this field, either theorist or experimentalist, who 
will help us to build an internationally recognized 
program. Substantial opportunities exist for col- 
laborations within the Physics Department and 
with other departments including Biology, Bio- 
chemistry, Microbiology, Chemical Engineering, 
and Polymer Science. Although biological phys- 
ics is our priority, we also encourage applica- 
tions from outstanding candidates in other fields 
of physics. Communications from established 
scientists will be held in confidence and no 
references will be sought without approval. 
Applicants should send a vitae and a statement 
of research and teaching interests to: Gluckstern 
Faculty Search, Department of Physics, Uni- 
versity of Massachusetts, Amherst, MA 01003. 
Priority deadline is October 25, 2006; however, 
applications will be accepted until the position 
is filled. The University of Massachusetts is an 
Affirmative Action/Equal Opportunity employer 
committed to enhancing the diversity and gender 
balance of its faculty, staff, and students in the 
sciences. Women and members of minority groups 
are encouraged to apply. 


ScienceCareers.org 
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POSITIONS OPEN 


NAVAL RESEARCH LABORATORY 
Computational Mechanics 


The COMPUTATIONAL SCIENTIST selected 
for this employment opportunity will join a diverse 
research group consisting of experimental and theo- 
retical Physicists, Mathematicians, and Engineers. The 
group’s research interests include the study of me- 
chanical and acoustic properties of complex fluid- 
structure systems, interaction of elastic and acoustic 
waves with fluid-structure systems at various length 
scales, and flow-induced structural-acoustics. 

This position will be filled at Level IV ($76,554 to 
$118,957). Salary will be determined based upon 
selectee’s background, experience, and market con- 
siderations. 

Candidates who have a strong background and 
interest in the area of computational mechanics 
should apply, particularly as related to the develop- 
ment of scalable and efficient numerical algorithms 
for modeling and solution of large-scale problems in 
elasticity, elasto-dynamics, elasto-acoustics and wave- 
structure interactions. Problems of current interest 
include: radiation, scattering and propagation of 
acoustic waves from submerged visco-elastic struc- 
tures; sound transmission and interior pressure levels 
associated with aircraft and automotive bodies; ra- 
diation and scattering of sound from turbulent flows 
around submerged and floating structures; acoustic 
scattering in littoral environments; wave propagation 
in heterogeneous, anisotropic and near incom- 
pressible elastic structures with applications to MRI- 
based elastography and nondestructive parameter 
identification; and the structural acoustics of micro 
and nano-scale systems. 

Announcement opens 1 September 2006, and 
closes. 30 September 2006. t03 apply, visit the website: 
and click on jobs, 
type i in vacancy announcement number DM-NRL- 
06-0571-NR and press enter to obtain qualification 
information and instruction on how to apply. 

The Naval Research Laboratory is an Equal Opportunity 
Employer. 


ASSISTANT PROFESSOR 


Molecular Genetics 


The Department of Biology at East Carolina Uni- 
versity invites applications for a full-time, tenure- 
track position in molecular genetics at the rank of 
Assistant Professor beginning August 20, 2007. We 
seek an Experimental Biologist who studies funda- 
mental molecular processes and mechanisms. Individ- 
uals able to contribute to the Department’s programs 
and strengths in biotechnology, evolution, and devel- 
opmental biology are especially encouraged to apply. 
Qualifications for the position include a Ph.D. in 
molecular genetics, or a related field, and postdoc- 
toral research experience. The successful candidate 
will be expected to establish a vigorous, well-funded 
research program, contribute to undergraduate and 
graduate teaching, and mentor graduate students 
participating in Master’s and interdisciplinary Ph.D. 
programs. Appropriate service to the University, com- 
munity, and profession is also expected. 

Applicants must complete a candidate profile and 
submit a cover letter, curriculum vitae, statements of 
research and teaching interests, and the names and 
contact ee for three references online at 
website: For further in- 
formation, e- aa J. Bond (e- art [bondja@ecu.] 


Jedu)] or write to: Dr. Jason E. Bond, Chair, Mo- 


lecular Genetics Search Committee, East Carolina 
University, Department of Biology, Greenville, NC 
27858. Website: 
Review of applications will begin on 15 October 
2006. East Carolina University (ECU), is an Equal 
Opportunity /Affirmative Action Employer that accommodates 
individuals with disabilities. Individuals requesting a disability 
accommodation should call the ECU Office of Disability 
Support Services at telephone: 252-737-1016 (voice/ 
TTY/relay). Proper documentation of identity and employ- 
ment are required at the time of employment. Official transcript 
required upon employment. 


3rd Annual 
Postdoctoral 
Careers Survey 


Get the experts 
behind you. 


Advertising Supplement 


Survey respondents outline 
the impact of such factors 

as research topics, principal 
investigators, publication 
prospects, and funding on 
postdoctoral progress, and 
they give advice on how best 
to plan for postdoctoral study 
and to use that study to 
launch a successful scientific 
career. Read their advice in 
the upcoming 15 September 
issue of Science. 


Find postdoc jobs and other 
career resources online at 


www.sciencecareers.ors 


For advertising 
information, contact: 


U.S. Daryl Anderson 
phone: 202-326-6543 
e-mail: [danderso@aaas.org] 


Europe and International 
Tracy Holmes 
phone: +44 (0) 1223 326 500 


e-mail:[ads@science-int.co.uk] 


Japan Jason Hannaford 
phone: +81 (0) 52 789-1860 


e-mail: yhannatord@sciencemag.|p| 
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CAREERS IN BIOENGINEERING 
AND NANOTECHNOLOGY 


The Institute of Bioengineering and Nanotechnology in Singapore 
is seeking highly motivated individuals who are interested in making an 
impact in advancing research and development in the following areas: 


DELIVERY OF DRUGS, PROTEINS AND GENES 

Where the controlled release of various therapeutics involves the use of 
nanoparticles with functionalized moieties for targeting diseased cells and 
organs, or for responding to specific biological stimuli. 


CELL AND TISSUE ENGINEERING 

Where sophisticated materials architecture is employed to design and 
fabricate living replacement devices for surgical reconstruction and 
transplantation. 


ARTIFICIAL ORGANS AND IMPLANTS 
Where multifunctional systems and devices are engineered as biomimetic 
structures for use as organ replacement. 


NANOBIOTECHNOLOGY 

Which encompasses the efficient catalytic synthesis and separation of 
chiral pharmaceuticals, as well as the sensing and detection of biologics and 
biomolecules using nanostructured materials. 


MEDICAL AND BIOLOGICAL DEVICES 
Which involve nanotechnology and microfabricated systems for the 
detection and treatment of diseases. 


BIOLOGICAL AND BIOMEDICAL IMAGING 
Which comprises the imaging of cells, tissues, small animals and biomaterials 
using advanced techniques and novel imaging tags. 


Positions are available for Senior Group Leader, Group Leader, 
Principal Research Scientist, Senior Research Scientist, Research 
Scientist, Postdoctoral Fellow, Research Officer and Lab Officer in 
IBN’s six research areas. 


We provide competitive salaries as well as attractive benefits that 
include medical and dental coverage, housing subsidy, shipping and 
settling-in allowance, air passage for staff and family, paid home leave 
at the end of contract, and a substantial non-contributory gratuity 
payment on completion of the contract. Remuneration will commensurate 
with qualification and experience. 


If you are interested in joining a multi-disciplinary research institute at 
the cutting edge of bioengineering and nanotechnology, please forward 
a cover letter, your curriculum vitae, and a list of three references to: 


Prof. Jackie Y. Ying 

Executive Director 

Institute of Bioengineering and Nanotechnology 
31 Biopolis Way, The Nanos, #04-01 

Singapore 138669 


Email enquiries may be directed to instore of 


irecruit@ Ibn.a-star.edu.s¢g Bioengineering and 
i N hnol 
Website:/www.ibn.a-star.edu.sg OT eats 


Head-Department of 
Integrative Biology and Physiology 
University of Minnesota Medical School 


The University of Minnesota Medical School invites applications from 
exceptional leaders to be considered for the position of Head of the 
Department of Integrative Biology and Physiology (IBP). As Head of 
the Department, the successful candidate will establish and lead the 
research and teaching missions of the unit as well as recruit outstanding 
faculty in basic and translational aspects of physiology to the Univer- 
sity. We seek candidates whose scientific expertise complements existing 
strengths in the Department and Medical School. Particular interest will 
be given to those investigators who work at the systems level to study 
human disease and/or model systems; but investigators in all areas of 
physiology are encouraged to apply. The candidate must also have an 
outstanding record of scholarly accomplishment, educational experience 
and executive leadership as well as excellent interpersonal, team build- 
ing and communications skills. For details about the Department please 


consult: nttp://physiology.med.umn.ed 


All candidates must have a PhD and/or MD degree and qualify for appoint- 
ment as a tenured professor of the University. We will begin reviewing 
applications immediately and until the position is filled. Please send a 
curriculum vitae and the names of three references to: 
Dr. David A. Bernlohr 
Chair, IBP Search Committee 
Department of Biochemistry 
Molecular Biology and Biophysics 
University of Minnesota 
6-155 Jackson Hall 
321 Church Street S.E. 
Minneapolis, MN 55455 


or as an attachment to[swans143@umn.edu] Confidential inquiries are 


welcomed. 


The University of Minnesota is an 
Equal Opportunity Educator and Employer. 


THE UNIVERSITY OF CALIFORNIA, BERKELEY 
Faculty Positions in Department of Chemistry 


The Department of Chemistry solicits applications for three faculty posi- 
tions beginning in the Fall 2007. Applications should include a curriculum 
vitae including list of publications and a 2-3 page description of proposed 
research. We seek creative and energetic candidates who show extraordinary 
promise or accomplishment in research and teaching. Although focused on 
specific research areas, exceptional candidates in any area of chemistry 
will also be considered. Junior-level applicants should have three letters of 
recommendations sent on their behalf. For the UC Statement of Confiden- 
tiality see The deadline for 
receipt of applications is October 31, 2006. Application review will begin 
with receipt of applications. Applications and letters should be sent to the 
address provided below. Mail materials to: 

Faculty Search (ID # ) 

Department of Chemistry 

University of California, Berkeley 

Berkeley, CA 94720-1460 


Chemical Biology (Search ID #821C) 

Both senior-level and junior-level applicants will be considered in the field 
of chemical biology with a focus on chemical approaches to probe biology. 
Teaching assignments could be in both the undergraduate chemical biology 
major and graduate level instruction. 


Materials Chemistry (Search ID #1018B) 

Junior-level applicants will be considered in any area of materials chemistry. 
This appointment represents continued growth of this area in the department 
including a new undergraduate major in materials chemistry. Teaching assign- 
ment at both the undergraduate and graduate levels is expected. 


Inorganic Chemistry (Search ID #1117) 

Junior-level applicants will be considered in any area of inorganic chemistry 
ranging from biological to materials approaches. Teaching assignment at 
both the undergraduate and graduate levels is expected. 


The University of California is an Equal Opportunity/ 
Affirmative Action Employer. 
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POSITIONS OPEN 


The Department of Chemistry and Biochemistry at 
Denison University is seeking to expand its faculty 
with a tenure-track position at the ASSISTANT 
PROFESSOR level in physical or analytical chem- 
istry. Successful candidates will have a strong com- 
mitment to teaching at the undergraduate level and 
the capacity to develop an active research program 
that involves undergraduates. The Department par- 
ticularly welcomes applications from candidates with 
interdisciplinary research interests such as at the 
interface of biology or environmental science. 

Our American Chemical Society-accredited De- 
partment has well-developed programs in both 
chemistry and biochemistry, excellent classroom and 
laboratory facilities, extensive computer resources, 
and a broad range of instrumentation which is used in 
both teaching and research: spectroscopy (400 MHz 
nuclear magnetic resonance, fourier transform infra- 
red, ultraviolet and visible spectroscopy), separations 
(gas chromatography/mass spectometry and other 
gas chromatography methods, high performance 
liquid chromatography, electrophoresis), electro- 
chemistry, and biochemistry (bioseparations, high 
speed centrifugation and PCR). A Ph.D. is required 
and postdoctoral experience is preferred. Applicants 
should submit curriculum vitae, undergraduate and 
graduate transcripts, a statement of teaching philos- 
ophy, and a summary of research plans. These ma- 
terials and three letters of recommendation should be 
sent to: Dr. Jordan L. Fantini, Department of 
Chemistry and Biochemistry, Ebaugh Laborato- 
ries, Denison University, Granville, OH 43023. 
Denison University is located in central Ohio, 30 
minutes east of Columbus and about two and a half 
hours from Cleveland, Cincinnati, Ohio, and Pitts- 
burgh, Pennsylvania. Visit us at our website: [http:/7] 


www.denison.edu/chem/} Informal inquiries may 
be made via e-mail: [fantinij@denison.edu] Our re- 


view of completed applications will begin October 15, 
2006, and continue until the position is filled. Denison 
University, an Equal Opportunity and Affirmative Action Em- 
ployer, is committed to enhancing the diversity of its faculty, 
staff, and students and encourages applications from women, 
minorities, veterans, and disabled persons. 


BASIC SCIENCE RESEARCHER 
Stress/Pain Neurobiology 


The Department of Anesthesiology and Critical 
Care at the University of Pennsylvania’s School of 
Medicine seeks candidates for an ASSISTANT or 
ASSOCIATE PROFESSOR position in either the 
tenure-track or the nontenure research track. Track 
and rank will be commensurate with experience. The 
successful applicant will have experience in the field of 
stress neurobiology with a focus on stress and/or 
pain research. Applicants must have a Ph.D. or equiv- 
alent degree and have demonstrated excellent qual- 
ifications in research. 

Applicants to the tenure-track must demonstrate 
qualifications and experience in teaching. For either 
track the individual’s research will complement on- 
going research in the Center which includes eluci- 
dating the neural substrates linking stress and pain, 
neurobiological mechanisms by which stress leads to 
psychiatric and medical disorders, identifying genetic, 
developmental and environmental determinants of 
stress and/or pain sensitivity, cellular mechanisms of 
substance abuse, and mechanisms by which the brain 
processes visceral information. The Stress Neurobi- 
ology Center is located at the Children’s Hospital of 
Philadelphia (CHOP). 

Please submit curriculum vitae, a letter of interest, 
and three reference names to: 


Dr. Rita J. Valentino 

Director, Center for Stress Neurobiology 

The Children’s Hospital of Philadelphia 

34th Street and Civic Center Boulevard 

Abramson Research Center, Suite 4399 

Philadelphia, PA 19104 
E-mail: [valentino@e-mail.chop.<du] 
The University of Pennsylvania is an Equal Opportunity, 

Affirmative Action Employer. Women and minority candidates 
are strongly encouraged to apply. 
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POSITIONS OPEN 


RESEARCH SCIENTIST 4 
(Entomology) 


The New York State Department of Health 
(NYSDOH) is recruiting for a Research Scientist 4 
(RS4) in Ithaca, New York, to oversee laboratory and 
field operations for the Department’s Arthropod- 
borne Disease Program activities located at Cornell 
University. Minimum qualifications: Bachelor’s de- 
gree and five years of professional scientific vector- 
borne or zoonotic disease research experience; or a 
Master’s degree and four years of such experience; or 
a scientific doctorate degree and two years of such 
experience. Preferred qualifications: Experience in 
medical entomology, vector-borne disease risk assess- 
ment, zoonotic and/or vector-borne disease research 
and study design, molecular biology, or epidemiolo- 
gy. Experience with vector-borne disease surveillance, 
data collection methods, and data analysis using epi- 
demiological principles and methodologies; and with 
statistical software, relational database, geographic in- 
formation systems applications, and graphical soft- 
ware packages. Experience managing a laboratory 
and supervising staff conducting vector surveillance 
and/or research. Strong publication record in recog- 
nized peer-reviewed scientific literature. Duties: The 
RS4 will act as program liaison with local health de- 
partments, other state agencies, and health care pro- 
viders in the region, by providing technical expertise 
and consultation in arthropod-borne disease sur- 
veillance, prevention and applicable interpretation of 
research activities. The RS4 will demonstrate strong 
independent research within Departmental policies 
and procedures; coordinate and conduct all phases of 
scientific investigations; supervise field and laborato- 
ry work conducted by lower-level regional research 
staff, entomological Assistants and/or students; de- 
termine geographic areas for targeted research; super- 
vise specimen collection, identification and testing; 
and compile and publish reports of the data collected. 
The selected candidate will report to the program 
director in Albany and maintain an academic link 
with Cornell University and the University at Albany 
School of Public Health, support the NYSDOH 
Tick Identification Service, and provide laboratory 
and classroom resources for local health department 
vector-borne disease staff. Salary $71,229. Applica- 
tion procedure: Submit resume to: Human Resources 
Management Group, RS4/JC Room 2276, Corning 
Tower Building, Empire State Plaza, Albany, NY 
12237-0012, or by e-mail: 
iny.us,|with a subject line of R y fax: 518 

474-6771. Applications accepted until position filled. 

An Affirmative Action /Equal Opportunity Employer. Wom- 

en, minorities, and people with disabilities are encouraged to 


apply. 


POSTDOCTORAL AND RESEARCH ASSO- 
CIATE POSITIONS for molecular and neurobio- 
logical studies. We focus on regulatory mechanisms 
for expression of neuronal proteins triggered by nu- 
trients, hormones, and neuronal activity. We investi- 
gate chromatin remodeling events, RNA transport 
and localized translational control. Various modern 
technologies based upon molecular, cellular, proteo- 
mic and array approaches are used (EMBO-Journal 
25: 3203, 2006; Mol. Cell 19: 643, 2005; J. Neurosci. 
25: 3350, 2005; Molecular Cellular Proteomics 4: 300 
and 975, 2005). A Ph.D. in biological sciences or bio- 
physics is required. Interested applicants should send 
curriculum vitae and statement of research interests 
to: Dr. Li-Na Wei, Department of Pharmacology, 
University of Minnesota Medical School, 6-120 
Jackson Hall, 321 Church Street S.E. ae 


lis, MN 55455, U.S.A. E-mail: 
[edu] oo pene 9402. F 

to website: 
The Unnensily of ee is an 
Equal Opportunity Eicntor/ Emploi. 


POSITIONS OPEN 


ASSISTANT PROFESSOR 
Developmental Biology 


The Department of Natural Sciences invites ap- 
plications for a tenure-track Assistant Professor with 
a focus on developmental biology, beginning in fall 
2007. Teaching duties include upper division un- 
dergraduate courses and laboratories in develop- 
mental biology, comparative anatomy of vertebrates, 
histology, and participation in introductory biology. 
Creating a specialty class is also possible. The success- 
ful applicant is expected to develop and maintain an 
active research program leading to peer-reviewed 
publications. The area of research is not specified, 
but may reflect molecular and cellular processes that 
regulate organismal and developmental processes. 
This individual will complement our existing faculty 
and programs in biology, microbiology, and biochem- 
istry. A research laboratory, modest startup funds, and 
teaching release time are available. Doctorate and 
commitment to both teaching and research required. 
We encourage the Assistant Professor to engage stu- 
dents in supervised research. Send letter of applica- 
tion including statement of teaching philosophy and 
research plan, curriculum vitae, and names of three 
references to: Developmental Biology Search Com- 
mittee, Department of Natural Sciences, Univer- 
sity of Michigan-Dearborn, 4901 Evergreen Road, 
Dearborn, MI 48128. Review of applications will 
begin December 1, 2006. The University of Michigan, 
Dearborn, Department of Natural Sciences includes 
biology, chemistry, physics, and specialized programs 
in biochemistry, earth sciences, environmental science, 
and microbiology (website: http:/ /casl_umd.umich, 
ledu/natsci7)} The University of Michigan, Dearborn is ded- 
icated to the goal of building a culturally diverse and pluralistic 
faculty committed to teaching and working in a multicultural 
environment and strongly encourages applications from minor- 
ities and women. The University of Michigan, Dearborn is an 
Equal Opportunity, Affirmative-Action Employer. 


TENURE-TRACK ASSISTANT PROFESSOR, 
EXCITABLE MEMBRANE/ION CHANNEL 
BIOPHYSICIST. The Department of Biomedical 
Sciences (BMS) seeks to fill a tenure-track position at 
the rank of ASSISTANT PROFESSOR in the area 
of excitable membrane biophysics. The successful 
candidate is expected to develop an independent, 
extramurally funded research program and contrib- 
ute to undergraduate and graduate teaching. Infor- 
mation about_the ue Department can be found 
at_website: 

Applicants must hé .D., D.V.M., M-D., 
or equivalent degree and postdoctoral research ex- 
perience. A cover letter, curriculum vitae, statements 
of research and teaching interests, and names of three 
references, who may be contacted when appropriate, 
should be sent to: Michael Tamkun, Chair of the 
Search Committee, Neuroscience Division, De- 
partment of Biomedical Sciences, 1617 Campus 
Delivery, Colorado State University, Fort Collins, 
CO 80523. Application materials can be submitted 
to e-mail: [famkunmm@lamar.colostate.edu] Re- 
view of applications will begin October 1, 2006, and 
continue until a successful candidate is identified. 

Colorado State University is an Equal Opportunity /Affir- 
mative Action Employer. 


FACULTY POSITION 
Biological Chemistry 

The Department of Chemistry of the University 
of Kentucky invites applications for a tenure-track 
position in the area of biological chemistry, directed 
at the ASSISTANT PROFESSOR level. We are seek- 
ing candidates who will develop a strong, nationally 
competitive research program and who are dedicated 
to excellence in teaching at both the graduate and 
undergraduate levels. Please see our website (website: 
[http:7/7www.chem.uky.edu/facultysearch) for a 
complete description of the position and application 
details. Initial consideration of applications will begin 
October 15, 2006, with an anticipated starting date 
of August 2007. The University of Kentucky is an Equal 
Opportunity Employer and strongly encourages applications from 
women and underrepresented minorities. 
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POSITIONS OPEN 


ASSISTANT PROFESSOR 
Harvard University 
Plant Evolutionary Biology 


The Department of Organismic and Evolutionary 
Biology at Harvard University invites applications for 
a tenure-track faculty position in evolutionary biology. 
We seek to appoint an individual whose research on 
plants makes use of tools and approaches drawn from 
genomics, ecology, systematics, biomechanics, devel- 
opment, physiology, and/or systems biology to ad- 
dress fundamental questions regarding the origin 
and maintenance of diversity in plant lineages and/or 
communities. Applicants will be expected to develop 
an innovative research program and contribute to 
teaching at the graduate and undergraduate levels. Ini- 
tial appointment is for a term of five years, with pos- 
sibility of promotion, including to tenure. Applications 
from or information about female and minority can- 
didates are encouraged. 

Applicants should submit the following as electronic 
PDF files: curriculum vitae, statements of research 
and teaching interests, representative publications, 
and arrange for three references to be sent via e-mail 
to: N. Michele Holbrook, Charles Bullard Profes- 
sor of Forestry, c/o Allison Schellhammer, e-mail: 
Letters of nomi- 
nation from third parties are also welcome. Review 
of applications will begin on October 15, 2006. 

Further information about Organismic and _Evo- 


lutionary Biology is available at website [hetp:Z/| 
information about plant 
biology at Harvard can be found at website: [htea:77| 


Harvard University is an Affirmative Action/Equal Op- 
portunity Employer. 


FACULTY POSITION IN MOLECULAR 
BIOPHYSICS 
Johns Hopkins University School of Medicine 


The Department of Biophysics and Biophysical 
Chemistry (website: 
seeks outstanding candidates for the position 
ASSISTANT PROFESSOR. Applications are 
sought in all areas of molecular biophysics and bio- 
physical chemistry, including, but not limited to, en- 
zymology, structural biology, single molecule studies, 
computational biophysics, biological spectroscopy, 
and mechanistic chemical biology. Priority will be 
given to applications received by November 1, 2006. 
Please submit paper copies of curriculum vitae, a sum- 
mary of current and proposed research, and arrange to 
have three letters of recommendation sent to: 


Search Committee 
Department of Biophysics and 
Biophysical Chemistry 
Johns Hopkins University School of Medicine, 
WBSB 713 
725 North Wolfe Street 
Baltimore, MD 21205-2185 
Fax: 410-502-6910 


The Johns Hopkins University is an Equal Opportunity 
Employer. 


ASSISTANT/ASSOCIATE PROFESSOR 


One long-term contract FACULTY POSITION. 
Begin January 2007 preferably, otherwise August 
2007. Ph.D. required, primary teaching responsibility 
anatomy/physiology along with freshman biology 
courses. Experience in small college preferred. Liberal 
arts environment. Responsibilities include academic 
advising, committee work, expected to engage in re- 
search with undergraduates, to write grants and to 
publish. Strong record of teaching excellence and 
scholarship desirable. Send letter stating interest, 
complete resume, transcripts, and three letters of ref- 
erence to: Sr. John Karen Frei, Dean, School of 
Natural and Health Sciences, Barry University, 
11300 N.E. Second Avenue, Miami Shores, FL 
33161 by November 15, 2006. 
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POSITIONS OPEN 


FACULTY POSITION 
The Institute for Behavioral Medicine Research 
(IBMR) Jointly with the College of Dentistry 


The Ohio State University College of Dentistry is 
seeking to fill a position in the College of Dentistry 
and the Institute for Behavioral Medicine Research 
(IBMR) to study the mind/body axis and behavioral 
medicine with a focus on the impact of psychological 
stress on the immune system. This person will be part 
of a large multidisciplinary research group within the 
IBMR and the College of Dentistry. For this posi- 
tion, the person should have a significant research 
track record in the fields of psychobiology and/or 
immunology. 

The IBMR at the Ohio State University Medical 
Center is a research institute. Significant interactions 
between the IBMR and the College of Dentistry have 
been initiated and the applicant for this position will 
play an important role in bridging these units. Appli- 
cants should submit curriculum vitae, three letters 
of reference to: Dr. John Sheridan, Associate Dean 
for Research, The Ohio State University College 
of Dentistry, 3143 Postle Hall, 305 West 12th 
Avenue, Columbus, OH 43218. The Ohio State Uni- 
versity is an Equal Employment Opportunity /Affirmative Action 
Employer. Women, minorities, veterans, and individuals with 
disabilities are encouraged to apply. 


FACULTY OPENINGS 
Boston College 
Chemistry Department 


The Department of Chemistry at Boston College 
invites applications for two Faculty positions to be 
effective in the fall of 2007: chemical biology and 
biochemistry and all related interdisciplinary chem- 
istry fields (bioorganic, biophysical, and bioinor- 
ganic chemistry); experimental physical chemistry, 
all branches thereof and all related interdisciplinary 
chemistry fields (materials, soft condensed matter). 

Applicants are sought at the ASSISTANT PRO- 
FESSOR level; however, outstanding applicants at 
the senior level are also welcome. Successful appli- 
cants are expected to establish a prominent, externally 
funded research program, and will join a Department 
of approximately 125 doctoral students, 25 postdoc- 
toral fellows, 40 undergraduate majors, and an interna- 
tionally recognized faculty. Boston College, located 
in a residential community bordering the city of 
Boston, is within 20 minutes of the major universi- 
ties and pace centers in the Boston/Cambridge 

z cs details, please refer to website: 
Due date for all applica- 
tions: “f October 
eight schools and colleges, is an Equal Opportunity Employer 
and supports Affirmative Action. 


The Department of Oncological Sciences of the 
Mount Sinai School of Medicine is seeking ACA- 
DEMIC TRACK FACULTY at all levels. Can- 
didates can be Ph.D. or M.D./Ph.D., must have a 
strong research background, and will be expected to 
establish a robust externally funded research pro- 
gram within the Department’s highly interactive en- 
vironment. Each position comes with a generous 
startup package, state-of-the-art laboratory space, 
and protected time for research-related activities. 

We encourage applicants with research programs 
in the following topics: innovative mouse models of 
solid tumors; tumor microenvironment; develop- 
mental therapeutics. 

Applicants should submit curriculum vitae, in- 
cluding contact details for at least three references, 
and a summary of research accomplishments and plans 
for future research directions no later than November 
15, 2006. Applications may be submitted by e-mail: 
foncsci.search@mssm.edu, or by mail to: Search 
Committee, Department of Oncological Sciences, 
Mount Sinai School of Medicine, One Gustave L. 
Levy Place, P.O. Box 1130, New York, NY, 10029. 

Website: 


sciences. 


006. Boston College, a university of 


POSITIONS OPEN 


FACULTY POSITION IN BIOCHEMISTRY 
University of Alaska, Fairbanks 


The University of Alaska, Fairbanks, Department 
of Chemistry and Biochemistry and the Program in 
Biochemistry and Molecular Biology invites applica- 
tions for a tenure-track position at the ASSISTANT 
PROFESSOR level in neuroscience, toxicology, 
pharmacology, or related areas. The candidate will 
establish an externally funded research program in 
their area of interest focusing on molecular mecha- 
nisms. Mentoring of graduate and undergraduate 
students in research projects is expected. Teaching 
duties include undergraduate and graduate core 
courses in biochemistry, and advanced courses in 
neuroscience, toxicology, pharmacology or related 
areas. A Ph.D. in biochemistry or related discipline is 
required, postdoctoral experience is highly preferred. 
For information about the Department of Chemistry 
and Biochemistry at the University of Alaska, Fair- 
banks, please visit eebaiielhvene/ Femre abate | 
hen] Ta apply, fill in an online application in- 
cluding as attachments a cover letter with the names 
and complete contacts of at least three references, 
curriculum vitae, a statement of proposed research, 
and a statement of teaching philosophy and student 
mentoring. This online application may be found at 
website: [http:7/www.uakjobs.com/applicants/ 
Tn addition to the on- 
line ARIE Gane please arene to have sent graduate 
transcripts to: Thomas B. Kuhn, Chair Biochem- 
istry Search Committee, Department of Chem- 
istry and Biochemistry, University of Alaska, 
Fairbanks, P.O. Box 756160 Fairbanks, AK 
99775-6160. Review of applications begins on 
October 23, 2006. The University of Alaska is an Equal 
Opportunity / Affirmative Action Employer and Educational 
Institution. Minorities and women are encouraged to apply. 


FACULTY POSITION 
ASSISTANT PROFESSOR (TENURE TRACK) 
Department of Psychiatry 


The Department of Psychiatry at the Uniformed 
Services University of the Health Sciences, Bethesda, 
Maryland, is seeking to fill an Assistant Professor, 
tenure-track, teaching and research position with par- 
ticular emphasis on biological psychiatry. The De- 
partment is comprised of 20 full-time faculty and has 
active research interests in the neurobiology and be- 
havior of stress, post-traumatic stress disorder, anx- 
iety, depression, and substance abuse. The successful 
candidate will be responsible for developing a funded 
research program and will participate in medical stu- 
dent and resident education and clinical care. Individ- 
uals who hold an M.D., have completed an approved 
psychiatric residency and are Board-eligible /certified 
are invited to apply. Send curriculum vitae, description 
of current and anticipated research interests, and the 
names and addresses of four references to: Robert J. 
Ursano, M.D., Chairman, Department of Psychi- 
atry, Uniformed Services University, 4301 Jones 
Bridge Road, Bethesda, MD 20814 (e-mail: 
cee Review of applications is on- 
going. The University is an Affirmative Action/Equal Oppor- 
tunity Employer. 


NATIONAL UNIVERSITY OF SINGAPORE 
Department of Chemical and 
Biomolecular Engineering 


The Department of Chemical and Biomolecular 
Engineering at National University of Singapore 
invites applications for TENURE-TRACK FACULTY 
positions at all levels. The Department is one of the 
largest internationally with excellent in-house infra- 
structure for experimental and computational re- 
search. A Ph.D. in chemical engineering or related 
areas and a strong research record with excellent 

ublications are required. Please refer to website: 
[http:7/www.chbe.nus.edu.sg/]for more informa- 
tion on the areas of interest and for application 
details. Applicants should send full curriculum vitae 
(including key publications), a detailed research 
plan, a statement of teaching interest, and a list of 
names of at least three references to: Professor Raj 
Rajagopalan, Head of Department (Attention: 


Ms. Nancy Chia, e-mail: [nancychia@nus.edu.sg). 
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SYMPOSIUMS 


December 4 — 6, 2006 > on | 


4 


Basel, Switzerland FY “% ¢ 


O Uy NOVARTIS 


CORPORATE RESEARCH 


tly NOVARTIS 


f i ~~ me re >: 
pA. eres 
| 
NOVARTIS INSTITUTES 


Confirmed speakers: 


FOR BIOME AL f 4 t 


Kari Alitalo (Helsinki), David Baltimore (Pasadena), Mariano Barbacid (Madrid), David Barford (London), 

Philip Cohen (Dundee), Sara Courtneidge (La Jolla), George Demetri (Boston), Doriano Fabbro (Basel), 

Jim Fagin (Cincinnati), Pascal Furet (Basel), Carlos Garcia-Echeverria (Basel), Susan Gasser (Basel), 

Mike Hall (Basel), Carl-Henrik Heldin (Uppsala), Tony Hunter (La Jolla), Nancy Hynes (Basel), Sandra Jacob (Basel), 
Heidi Lane (Basel), Alexander Levitzki (Jerusalem), David Livingston (Boston), Nick Lydon (Wilson), 

Paul Manley (Basel), Alex Matter (Singapore), Adrian Merlo (Basel), Peter Parker (London), Tony Pawson (Toronto), 
Thomas Roberts (Boston), Joseph Schlessinger (New Haven), William Sellers (Boston), Radek Skoda (Basel), 
Michael Stratton (Hinxton), George Thomas (Cincinnati), Axel Ullrich (Martinsried), Victor Velculescu (Baltimore), 
Jiirgen Wagner (Basel), Owen Witte (Los Angeles), Michael Yaffe (Cambridge) 


In addition to the plenary lectures we will also have poster sessions. We particularly encourage doctoral students, 
postdoctoral fellows and young investigators to actively participate at the Meeting. 


For registration please visit our website at_htip: 


For further questions, please contact |baselkinome@fmi.ch| 


/.| Application deadline: November 1, 2006 


POSITIONS OPEN 


Assistant/Associate Professor in 


SYSTEMS BIOLOGY 


The Department of Systems Biology at Harvard Medical School 
invites applications for the position of Assistant or Associate 
Professor. Areas of particular interest to the Department include 
spatial organization and homeostasis in tissues and embryos, 
and the effects of drugs on biological networks. Technology 
research areas of special interest include methods for tracking 
the state or abundance of specific molecules in single cells or 
in living tissues, or for integrating high-dimensional data sets 
with mechanistic models. 


The Department is a supportive and congenial environment 
for researchers originally trained in quantitative or theoretical 
disciplines who are now interested in important biological or 
medical problems, as well as for biologists with strong interests 
in modeling approaches or quantitative measurement. We place 
particular emphasis on mentoring young faculty, supporting risky 
or innovative research programs, and helping young faculty 
address the challenges of balancing family life with work. 


Applications should include a CV and a research proposal and 
should be sent to: Timothy J. Mitchison, PhD, Chair, Systems 
Biology Search Committee, Harvard Medical School, 200 
Longwood Ave, WAB-536, Boston, MA 02115. 


Please arrange for three letters of reference to be sent to the same 
address. PDF submissions are also acceptable and should be 


e-mailed to: [SystemsBiology Search@hms.harvard.edul 
Harvard University is an Affirmative Action/Equal 
Opportunity Employer. Women and minorities are 
particularly encouraged to apply. 


ANIMAL PHYSIOLOGIST 


The Department of Biological Sciences at the University of 
South Carolina invites applications for a tenure track position 
at the rank of Assistant Professor in Animal Physiology. While 
the interests of the candidate need to be in some aspect of animal 
physiology, preference will be given to individuals dealing in 
areas of research that complement existing strengths in the depart- 
ment. These areas include sensory systems and neurobiology, 
cell physiology and signaling, metabolic regulation, development 
and evolution of organ systems, and cellular and organismal 
responses to the environment. The successful candidate should 
have post-doctoral experience and will be expected to establish an 
independent extramurally funded research program and to teach 
physiology at the undergraduate and graduate levels. Additional 
departmental information can be found at the following website: 


http://www.biol.sc.edu/ 


Review of applicants will begin November 1, 2006 and will 
continue until the position has been filled. Applicants should send 
acurriculum vitae, a summary of their research accomplishments, 
a description of future research plans, a statement of teaching 
interests, and copies of representative publications to: Dr. David 
Reisman, Animal Physiologist Search Committee, Department 
of Biological Sciences, University of South Carolina Columbia, 
SC 29208. 


In addition, applicants must arrange to have three letters of refer- 


ence that can be sent by email to: 


The University of South Carolina is an Affirmative Action, 
Equal Opportunity Employer. Minorities and women are 
encouraged to apply. 


of 
i 
g 
‘a 
o 
fm 
a 
z 
s) 
= 
— 
3) 
7) 


yo 
fat 
g 
‘4 
o 
i 
a 
z 
Y 
iS 
o 
3) 
Dn 


POSITIONS OPEN 


ANIMAL EVOLUTIONARY ECOLOGIST 
ASSISTANT PROFESSOR 


The Department of Biology at Willamette Uni- 
versity invites applications for a tenure-track position 
at the level of Assistant Professor for an Evolutionary 
Ecologist to begin August 2007. Proficiency with 
molecular techniques is required. Preference will be 
given to candidates who research whole animal level 
questions and whose interests complement our exist- 
ing field-based strengths. Specific areas of interest 
include, but are not limited to, comparative mor- 
phology, population genetics, adaptation, speciation, 
and the evolution of species interactions. Teaching 
duties include introductory biology, an intermediate 
course in evolution, and a research methods course 
including molecular techniques and/or strong com- 
putational skills. The successful applicant will be ex- 
pected to develop a fundable research program that 
involves undergraduates. Ph.D. and teaching expe- 
rience required; postdoctoral training and publica- 
tions strongly preferred. Applicants should submit 
a letter of application, curriculum vitae, a concise de- 
scription of teaching and research interests, and three 
letters of reference to: Barbara Stebbins-Boaz, Ph.D., 
Chair, Department of Biology, Willamette Uni- 
versity, 900 State Street, Salem, OR 97301. Ap- 
plications should be received by October 13, 2006. 
Please visit_our_website_for_more_information_at 
website 
Willamette maitains a strong institutional commitment to diversity 
and strives to recruit and retain candidates from communities of color 
and ethnic groups. 


TENURE-TRACK FACULTY POSITION 
ECOSYSTEMS ECOLOGIST 


The Department of Biology, Villanova University, 
invites Ecosystem Ecologists to apply for a tenure- 
track position at the ASSISTANT PROFESSOR 
level to begin August 2007. The successful candidate 
will contribute to teaching of undergraduate and grad- 
uate offerings in general biology and ecosystems ecol- 
ogy, develop an active research program, seek external 
funding, and mentor undergraduate and graduate 
student research. For more information, see website: 


http://www. biology. villanova.edu/ecosys. htm! 


Ph.D. and postdoctoral experience required. Submit 
application letter, curriculum vitae, research plans, 
statement of teaching philosophy, and official under- 
graduate and graduate transcripts, and have three let- 
ters of recommendation sent to: Ecosystems Ecology 
Search Committee, Department of Biology, Villa- 


nova University, Villanova, PA 19085. Review of 


completed applications begins October 31, 2006. 
Villanova University is a Roman Catholic University 
sponsored by the Augustinian Order. An Affirmative 
Action/Equal Employment Opportunity Employer, Villanova 
seeks a diverse faculty committed to scholarship, service, and es- 
pecially teaching, who understand, respect, and contribute to the 
University’s mission and values. Faculty diversity is an educa- 
tional mission of the Department. 


Faculty position for Ph.D. level, basic or transla- 
tional researcher in Division of Nephrology, Depart- 
ment of Medicine. Positions are nontenure-track as 
INSTRUCTOR/ASSISTANT PROFESSOR. 
Collaboration with existing genetic epidemiology 
laboratory in the division highly desirable. Genetic 
epidemiology laboratory focuses on ischemia reper- 
fusion injury during kidney transplantation; chronic 
kidney allograft dysfunction; and cardiovascular dis- 
ease; and pharmacogenetics. Not a J-1 or H1B oppor- 
tunity. Please submit curriculum vitae to Human 
Resources at: 


Minneapolis Medical Research Foundation 
600 Shapiro Building; 914 So. 8th Street 
Minneapolis, MN 55404 
Telephone: 612-347-5954 
Fax: ce 373-1817 


Websites: 


Equal Opportunity Employer. 
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POSITIONS OPEN 


The Department of Biological Sciences at Murray 
State University is seeking candidates for two full- 
time, tenure-track faculty appointments at level in 
the general area of cellular biology to the ASSIST- 
ANT PROFESSOR beginning August 2007. Ap- 
plicants must have a Ph.D., research interests at the 
cellular level, and a strong commitment to establish- 
ing a research program involving undergraduate and 
graduate students. Preference will be given to can- 
didates with postdoctoral research and teaching ex- 
perience, a record of quality publications, and evidence 
of the ability to attract extramural funding. Specific 
research areas are open, but preference will be given 
to individuals with interests in any of the following 
areas: mechanisms of gene expression, cellular bio- 
informatics, cell signaling, and cell differentiation. 
Teaching responsibilities will include undergraduate 
and graduate level courses commensurate with De- 
partmental needs and the individual candidates’ ex- 
pertise. The Department of Biological Sciences has 
faculty with graduate program concentrations in cell 
and molecular biology, physiology, ecology and or- 
ganismal biology. Application deadline: October 6, 
2006. To apply: submit a letter of interest, curricu- 
lum vitae, statements of teaching interests and phi- 
losophy, description of research, relevant reprints, 
copies of transcripts, and three letters of recommen- 
dation to: Dr. Timothy Johnston, Search Commit- 
tee Chair, Department of Biological Sciences, 334 
Blackburn Sciences Building, Murray State Uni- 
versity, Murray, KY 42071. Women and minorities are 
encouraged to apply. Murray State University is an Equal 
Education and Employment Opportunity, Minorities/Females/ 
Persons with Disabilities, Affirmative Action Employer. 


NEURAL/GLIAL STEM CELL 
NEUROSCIENCE FACULTY 
Department of Neuroscience 
University of Connecticut Health Center 


The University of Connecticut Health Center 
Department of Neuroscience, in conjunction with 
the State of Connecticut Stem Cell Research Pro- 
gram, seeks applicants for a tenure-track faculty 
position at the ASSISTANT PROFESSOR level. 
Applicants should have research focusing on the use 
of stem cells for the treatment of neurodegenerative 


diseases and/or neurological disorders. The study of 


both approved human cell lines and contributions 
to the creation and study of nonapproved lines is 
anticipated. Applicants are expected to have a Ph.D., 
M.D. or equivalent, with appropriate training in 
basic and translational science. We are particularly 
interested in applicants who will work independent- 
ly, but who would also establish productive collab- 
orations with our existing core group of cellular and 
molecular neurobiologists, to move basic research 
from the “bench to the bedside.” We envision this 
faculty member as a catalyst, promoting collaborative 
efforts that would be synergistic in nature. A generous 
startup package is available. Applicants should send 
their curriculum vitae, statement of research interests, 
teaching goals and plans, electronic versions of two 
representative publications, and three letters of ref- 
erence to e-mail: [neurosciencejob@uchc.edu, Ap- 
plications will be accepted until October 31, 2006. 

The University of Connecticut is an Equal Opportunity/ 
Affirmative Action Employer. Women and people from diverse 
racial, ethnic, and cultural backgrounds are strongly encouraged 
to apply. 


CIRCADIAN BIOLOGY 


Postdoctoral positions are available immediately 
for highly motivated individuals interested in pursuing 
the molecular and cellular basis of circadian rhythms 
in mammals and/or insects. Candidates should have 
a strong background in molecular biology and _bio- 
chemistry. A working knowledge of circadian biology 
is desirable. Please send curriculum vitae and contact 
information for three references to: Dr. Steven M. 
Reppert, Department of Neurobiology, Univer- 
sity of Massachusetts Medical School, LRB — 7th 
Hor, 364 Plantation Street, Worcester, MA 01605. 
E-mail: Website: 
http://www.umassmed.edu /neurobiology /] 

An Equal Opportunity/Affirmative Action Employer. 


POSITIONS OPEN 


CHAIR, DEPARTMENT OF BIOLOGY 
Emory University 
Search Continued 


The Department of Biology in Emory College of 
Emory University invites applications for the po- 
sition of Department Chair and Professor of Biol- 
ogy. Emory is a nationally and internationally known 
research university and has recently begun a compre- 
hensive fundraising campaign to strengthen i its research 
and teaching programs. The Biology Department is 
currently composed of 23 tenure-track faculty and 7 
Senior Lecturers and Lecturers. The successful candi- 
date for this position will have a distinguished record 
of extramurally funded research and scholarly activity 
sufficient to merit appointment at the rank of tenured 
Full Professor in Emory College. Applicants must 
have a doctoral degree or its equivalent in biology, 
or other appropriate discipline, and should have a 
research focus in one of the three areas of research 
strength in the Department: population biology, ecol- 
ogy and evolution; computational neuroscience; ge- 
netics, cell, and developmental biology. ‘Applicants 
should have excellent communication, leadership, and 
administrative skills, and should have a strong commit- 
ment to undergraduate and graduate teaching. The 
successful candidate will oversee the continued growth 
of the Department via the hiring of new faculty, the 
continued development of the undergraduate curric- 
ulum, and the possible reconfiguration of the Depart- 
mental graduate program. 

Please submit a cover letter, curriculum vitae, state- 
ment of research interests, experience, and future 
plans, teaching philosophy, and departmental lead- 
ership philosophy. Materials should be submitted 
to: Chair - Search Committee, Department of Biol- 
ogy, 1510 Clifton Road, Emory University, Atlanta, 
GA 30322. Documents may be submitted electron- 
ically to e-mail: |george.h.jones@emory.edu}, Appli- 
cations will be reviewed on receipt and the review 
process will continue until a suitable candidate is iden- 
tified. Please visit the Departmental website: [http:77] 
to learn more about biol- 
ogy at Emory. Emory University is an Equal Opportunity 
Affirmative Action Employer. Women and underrepresented 
minority candidates are encouraged to apply for this position. 


UNIVERSITY OF ROCHESTER. The Depart- 
ment of Chemistry invites applications for positions 
in all areas of experimental chemistry at the ASSIST- 
ANT, ASSOCIATE, and FULL PROFESSOR lev- 
els. Candidates with research interests in organic 
chemistry, broadly defined, are especially encouraged 
to apply. Candidates are expected to establish an out- 
standing program of original research and be effective 
teachers at the graduate and undergraduate levels. 
Applicants should send curriculum vitae, a statement 
of research plans, teaching interests, and arrange for 
three letters of recommendation to be sent, preferably 
in electronic form, to Ms. Karen Dean, e-mail:[dean@] 
[chem-rochester.edujor mail to: Chemistry Faculty 
Search Committee, c/o Ms. Karen Dean, Depart- 
ment of Chemistry, University of Rochester, RC 
Box 270216, Rochester, New York 14627-0216. 
Review of applications will begin on October 16, 
2006. The University of Rochester is an Equal Opportunity 
Employer. Women and minority candidates are strongly en- 
couraged to apply. 


PROTEIN CHEMIST 
The Ohio State University Comprehensive 
Cancer Center 


Seeking a Ph.D. Protein Biochemist, with at least 
three years of experience in protein purification and 
analysis desired, in the laboratory of Dr. Richard 
Fishel. Familiarity with routine PAGE/Western anal- 
ysis, high performance liquid chromatography pu- 
rification, cellular overexpression, and at least a 
fundamental understanding of mass spectrometry, 
surface plasmon resonance, fluorescence anisotropy, 
and stop-flow/quench-flow_kinetic_studies. To ap- 
ps please goto website 
[edujrequisition 319514. Equal Employment Opportunity/ 
Affirmative Action Employer. 
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COURSE 


Pager 


EIGHTH ADVANCED VACCINOLOGY COURSE 
ADVAC 8 

1 , Les Pensiéres, Veyrier-du-Lac 

as ot” (near Annecy, French Alps) 14 - 25 May 2007 


Organized by Fondation Mérieux and University of Geneva 
With the co-sponsorship of European Commission, Bill and Melinda 
Gates Foundation, NIH/NIAID and Fogarty, Johns Hopkins 
Bloomberg, Institut Pasteur, ESPID, NFID, NVPO, Vaccine Industry. 


Scientific Direction 
Paul-Henri Lambert, MD, Geneva , Director of the Course. 
Stanley Plotkin, MD, Philadelphia, Senior Advisor. 


Objective of the course 
To facilitate critical decision-making in vaccinology. Top-level 
lectures, practical exercises. English language. 


Who should apply? 
Scientists and decision-makers from the public and private sectors. 


Application deadline 
15 November 2006 


Information and application forms 
www.fondation-merieux.org] and [www.advac.org 
contact: fadvac@medecine.unige.ch] or 
Katia.mielczarek @fondation-merieux.org 


Programme Fees 

1- Standard registration fee, incl. full attendance in the course (2 
weeks) and course material: EUR 3 500, VAT incl.; Reduced 
registration fee for academic & governmental sector, NGOs : EUR 
1400, VAT incl. 


2- Accommodation fee (lodging and meals) : EUR 2 050, VAT incl. 


Fellowships (travel, accommodation and registration costs) will be 
available for participants from Developing Countries, new EU 
members and East-European countries. Also offered to selected 
ESPID members whereas NFID provides fellowships to young 
American vaccinologists. 


Genetics & Genomics 


Research Advertising Supplement 


Be sure to read this special ad 
supplement devoted to research 
in genetics and genomics in the 
upcoming 29 September issue 
of Science. 


Find genetics and genomics 
research jobs and other 
career resources online at 
Issue includes www.sciencecareers.org| 

special editorial 
coverage on advances 

in genetics. 

For advertising information, contact: 


U.S. Daryl Anderson 
phone: 202-326-6543 
e-mail:[danderso@aaas.org 


Europe and International 
Tracy Holmes 

’ phone: +44 (0) 1223 326 500 
~ e-mail:[ads@science-int.co.uk 


Japan Jason Hannaford 
phone: +81 (0) 52 789-1860 
e-mail:[hannaford@sciencemag.jp 


We know science AVAAA 


CONFERENCE 


“OBiO 2006 


Ss Biotech Crossroads 


Biolndustry & BioScience 
together in Europe... 


And for the first time 


z in Paris 
October 25-27 


Palais des Congres 


ms 
EuroBi@ 2006 


October 25-27 
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POSITIONS OPEN 


FACULTY POSITION IN ENVIRONMENTAL / 
ANALYTICAL CHEMISTRY 
University of Alaska, Fairbanks 


The University of Alaska, Fairbanks, Department 
of Chemistry and Biochemistry invites applications 
for a tenure-track position at the ASSISTANT or 
ASSOCIATE PROFESSOR level in the area of 
environmental /analytical chemistry. Teaching duties 
include undergraduate and graduate courses in 
environmental / analytical chemistry, and advanced 
courses in the candidate’s field of expertise. The can- 
didate is expected to establish an externally funded 
research program in an area related to environmen- 
tal chemistry. The candidate is expected to mentor 
graduate and undergraduate students in research 
projects. A Ph.D. in chemistry or related discipline is 
required, postdoctoral experience is highly preferred. 
For information about the Department of Chemistry 
and Biochemistry at the University of Alaska, Fair- 
banks, please visit eyebaite:tatpe/ eran unk edu | 
To apply, fill in an online application that 
includes a cover letter with the names of three ref- 
erences, curriculum vitae, statement of proposed 
research, and a statement of teaching philosophy. 
This_online application _may_be found at website: 
In addition to the online appli- 
cation, please arrange to have at least three letters of 
reference and graduate transcripts sent to: William R. 
Simpson, Environmental / Analytical Search Com- 
mittee Chair, Department of Chemistry, Univer- 
sity of Alaska, Fairbanks, P.O. Box 756160 
Fairbanks, AK 99775-6160. Review of applications 
begins on October 23, 2006. The University of Alaska is 
an Equal Opportunity/Affirmative Action Employer and 
Educational Institution. Minorities and women are encouraged 
to apply. 


Faculty positions in (1) evolutionary and func- 
tional genomics and (2) microbiology. The Depart- 
ment of Biology at Clark University, Worcester. 
Massachusetts (website: 
[departments/biology/), invites applications for two 
tenure-track appointments at the rank of ASSIST- 
ANT PROFESSOR, to begin fall 2007. Successful 
candidates will have research space in the newly 
constructed Lasry Center for Biosciences and will be 
expected to develop externally funded research pro- 
grams involving Ph.D. and undergraduate students. 
Postdoctoral experience and evidence of success in 
obtaining extramural funding are desired. Promise 
of teaching excellence at undergraduate and grad- 
uate levels is expected. Evolutionary and functional 
genomics: The candidate will conduct research in 
comparative genomics and contribute to the evolu- 
tionary and molecular biology components of our 
curriculum. Microbiology: The candidate will con- 
duct research in any area of microbiology, will teach 
microbiology, and contribute to the pre-health cur- 
riculum. Applicants should submit curriculum vitae, 
a summary of research interests, a statement of teach- 
ing interests, and three key publications, and should 
arrange to have three letters of reference submitted 
electronically to the: Search Committee for Evolution- 
ary and Functional Genomics (cma | 
iclarku.edu) or Microbiology (e-mail: micro@clarka. 
ledu)} Follow up hardcopy is not required. Letters 
can also be mailed to the Chair of the appropriate 
Search Committee, Clark University, 950 Main 
Street, Worcester, MA 01610-1477. E-mail en- 

uiries may be directed to e-mail: pon foster@clarku,] 

Review of applications begins October 15, 2000. 
Affirmative Action/Equal Opportunity Employer. Minorities 
and women are especially encouraged to apply. 


POSTDOCTORAL POSITION available to study 
toll-like receptor and other receptors-mediated cell 
signaling in Plasmodium falciparum GPI/antigens- 
induced cytokine responses using gene knockout 
macrophages, and dendritic and T cells, and regulation 
of innate immune responses. Experience in immuno- 
logical techniques is required. Send curriculum vitae 
to: Dr. D.C. Gowda, Biochemistry and Molecular 
Biology, Penn State College of Medicine, Hershey, 
PA 17033 at cil eoetaepereral Penn State is 
committed to Affirmative Action, Equal Opportunity and to the 
diversity of its work force. 
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POSITIONS OPEN 
THE UNIVERSITY 
OF CHICAGO 


The Department of Neurobiology, Pharmacolo- 
gy, and Physiology seeks to recruit new faculty in the 
tenure track. Appointments can be made at any level 
in the broad area of neurobiology. Interested per- 
sons should send their application to: S. Murray 
Sherman, Chairman, Department of Neurobiol- 
ogy, Pharmacology and Physiology, The Univer- 
sity of Chicago, 947 East 58th Street, Chicago, IL 
60637. Applications can also be sent via e-mail with 
attachments to e-mail: [Inpp@bsd-uchicago.edu 
The application should include a cover letter, cur- 
riculum vitae, a statement of research objectives, and 
the names and contact information of three academic 
references. Applicants are also responsible for arrang- 
ing to have the reference letters sent. Applications will 
be accepted until the positions are filled. Application 
review will begin November 1, 2006. The University of 
Chicago is an Equal Opportunity /Affirmative Action Employer. 


ASSISTANT PROFESSOR 
Molecular Biology 
Illinois State University, Normal 


A tenure-track Hope cence in ppc bi- 
ology is available j ¢ 
Sciences (website: http: //www.bio.ilstu.edu). 
faculty member will e part of an Sea ina 
Biochemistry and Molecular Biology (BMB) program 
offered between Biological Sciences and Chemistry. 
Interest in at least one of the following areas is de- 
sirable: virology, developmental biology, or cell biolo- 
gy. Investigators pursuing questions pertaining to 
nucleic acid structure and function are especially en- 
couraged to apply. The successful candidate is expected 
to develop a competitive, extramurally funded research 
program involving B.S., M.S., and Ph.D. students. 
Ph.D. and postdoctoral experience required. To assure 
full consideration, send cover letter, curriculum vitae, 
three recommendation letters, and a brief statement of 
research goals to: Dr. Craig Gatto, Biochemistry and 
Molecular Biology Search Committee, Campus 
Box 4120, Illinois State University, Normal, IL 
61790-4120. Review of applications will begin on 
October 15, 2006. Preferred start date of August 16, 
2007. Illinois State University is an Equal Opportunity Uni- 
versity encouraging diversity. 


Early-stage biotech company in Burlingame, Cal- 
ifornia, is looking to hire a RESEARCH ASSOCI- 
ATE II or II with experience in intravital microscopy 
of the microcirculation of animals. Candidate must 
make at least a two-year commitment. Candidate 
must have a bachelor’s degree and two to four years 
of experience with intravital microscopy and general 
computer skills. Further training will be provided by 
company and expert consultant at nearby university. 
Animal handling, animal surgery, and biochemical 
assay skills are desireable. Send resumes or curricula 


vitae to e-mail: 


University of Idaho, College of Natural Resources, 
seeks a LIMNOLOGIST for an academic-year, tenure- 
track ASSISTANT PROFESSOR position to begin 
fall 2007. Candidates must have Ph.D. in limnology, 
must demonstrate research productivity through ref- 
ereed publications and grants, and must demonstrate 
a commitment to teaching excellence. Teaching will 
include an undergraduate course in limnology and 
two graduate courses. Expected to develop a strong, 
externally funded _research program. For details visit 
website: 
Apply at website: 
view of applications will begin October 31, 2006. 
Affirmative Action/Equal Opportunity Employer. 


POSITIONS OPEN 


POSTDOCTORAL FELLOW or RESEARCH 
ASSISTANT PROFESSOR in neuroscience (multi- 
photon imaging of the brain) is now available at 
the Medical University of South Carolina (MUSC). 
The successful candidate will work in the laboratory 
of Dr. Prakash Kara using two-photon calcium 
imaging and multi-electrode recording techniques 
in vivo to examine how (i) neural connections and 
functional maps from eye to brain are refined during 
the critical periods of postnatal development, and (ii) 
the functional micro-architecture of disparity tuning 
in the visual cortex. The Kara laboratory is outfitted 
with a state-of-the-art two-photon imaging system, 
designed specifically for functional imaging in the 
intact brain of any mammalian species. Prior research 
experience and expertise in sensory systems neuro- 
science, fluorescence microscopy and electrophysio- 
logical recording in vivo, optics, quantitative analysis 
of neural signals, and programming in Matlab, Image], 
or IDL is required. Please e-mail curriculum vitae, a 
brief statement of research interests, and names of 
three references (preferably by e-mail) to: Dr. Prakash 
Kara, Department of Neurosciences, Room 403 
BSB, 173 Ashley Avenue, el woeeery S 25 425; 

:[Kara@musc.eduk website: 
MUSC is 
an Afrnative ‘Aation /Equal | Opportunity Eiployer. 


POSTDOCTORAL POSITION 
Developmental and Stem Cell Biology 
Mount Sinai School of Medicine, New York 


Two NIH-funded Postdoctoral positions are avail- 
able to study regulation of hematopoietic and vascu- 
lar development using genetically manipulated mice 
and embryonic stem (ES) cell lines (see Development 
128(10):1717, 2001; Blood 107(8):3122, 2006; 
Development Dynamics 235(9): 2549, 2006; Fraser 
et al., Blood, in press, published online June 2006). 
Strong background in molecular and cell biology 
required. Preference will be given to applicants seeking 
first postdoctoral position. Please e-mail /fax curricu- 
lum vitae, names of three references to: Margaret H. 
Baron, M.D., Ph.D., fax: 212-849-2442. E-mail: 


Equal Opportunity Employer. 


MARKETPLACE 


Modified Oligos 


@ 
Great Prices 


Get the Details 
www.oligos.com 


The Midland Certified Reagent Co, Inc. 
3112-A West Cuthbert Avenue 
Midland, Texas 79701 
800-247-8766 


Software for the Molecular Biologist 


Mass Spectra: ES-MS, LC-MS/MS 
FT-NMR: ‘'H, ‘°C, °‘P, ‘°F, 2D 

HPLC: PDA, ELSD, Fluor. + FT-IR 

Fast PDF services from $49 ea. 
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LARGEST GLOBAL DISCOVERY CHEMISTRY CRO AND PREMIER 


PROVIDER OF ADVANCED SCREENING LIBRARIES FOR SMALL 


MOLECULE DRUG DISCOVERY. _ PLEASE VISITIWWW.CHEMBRIDGE.COM 


